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EXECUTIVE SUMMARY 

The objectives of this Feasibility Study (FS) are to identify and evaluate a set of remedial action 

alternatives (RAAs) to address environmental concerns at Operable Unit (OU) No. 6. Operable 

Unit No. 6 consists of four distinct sites including Site 36, Site 43, Site 44 and Site 54. The 

RAAs developed and evaluated for OU No. 6 are effective in protecting human health and the 

environment and in attaining federal and state requirements that are applicable or relevant and 

appropriate (ARARs). A wide range of potential RAAs are presented and evaluated that 

represent various levels of cleanup, land use controls and cost. 

Site 36 (Camp Geiger Area Dump) 

Site 36 Location 

. 20 acres on the southern limits of Brinson Creek 

. 1,000 feet east of Camp Geiger, 500 feet west of the New River 

0 Gravel roads provide access to Jack’s Point Recreation Area (% mile east of Site 36) 

Site 36 History 

. Former dump active from late 1940s to late 1950s 

Disposal of municipal wastes and mixed industrial wastes including trash, waste 

oils and hydraulic fluids 

Disposed material was usually burned then buried, however, some unburned 

material was also disposed at Site 36 

‘a North Carolina Department of Transportation (NCDOT) Route 17 bypass construction 

has affected Site 36 

Several of the gravel roads which ran through site have been widened and the 

elevation raised, serving as the subgrade for the Route 17 bypass 
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Previous Investigations and Remedinl Actions 

. The Remedial Investigation (RI) for Site 36 was completed from February ‘to July of 

1995 

A majority of the semivolatile organic compounds (SVOCs) detected in soil at 

Site 36 were polynuclear aromatic hydrocarbons (PAHs) 

No volatile organic compounds (VOCs) detected in surface or subsurface soil 

exceeded the United States Environmental Protection Agency (USEPA) Region 

IX Preliminary Remediation Goals (PRGs) 

Three surface soil and eight subsurface soil samples exceed the USEPA directive 

of 400 parts per million (ppm) for lead 

VOCs (primarily trichloroethene [TCE]) were detected in groundwater in the 

northern portion of the site above North Carolina Water Quality Standards 

WWQS) 

. In July 1997 a time critical removal action (TCRA) was performed by the remedial action 

contractor (RAC). 

Excavation of 92 tons of regulated polychlorinated biphenal (PCB) contaminated 

soil and 148 tons of unregulated soil 

Disposal of the soil in an appropriate treatment /disposal facility 

Confirmatory sampling to show that concentrations of PCBs were below the 

action level (10 milligrams per kilogram [mg/kg]) 

Field activities were completed on September 24, I997 

0 A groundwater monitoring program began in October 1998 to determine if natural 

attenuation (NA) would be a viable remedial alternative for the site 

Quarterly collection of both groundwater and surface water samples 

TCE exceeds the NCWQS of 2.8 micrograms per liter &g/L) in 6 of 11 wells, 

with the highest detected concentration being 54 pg/L (April 2002 sampling data) 

1,1,2,2-tetrachloroethane exceeds the NC WQS interim standard of 17 pg/L in 2 

wells, based on April 2002 sampling data. The highest detected concentration 

based on this sampling data was 34 J pg/L. 
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Summary of Human Health Risk Assessment 

,i”‘--. 

. For the current exposure scenario, only fishermen exhibited a potential risk for ingestion 

of fish and crab tissue from Brinson Creek. Although a potential risk resulted, ;additional 

data collection and analyses indicated that the source generating the risk was not from 

Site 36. 

. Future child and adult residents may be exposed to unacceptable noncarcinogenic risks 

posed by iron in groundwater 

0 There is also an unacceptable noncarcinogenic risk for future child residents exposed to 

iron in subsurface soil 

Soil Contaminants of Concern and Remediation Goals 

The remediation goals for soil at Site 36 were selected based on regulatory requirements, 

standards and guidance, for Site 36. Although surface soil does not generate an unacceptable 

risk at Site 36, localized areas of surface soil exhibit elevated levels of organic compounds when 

compared to site-wide concentrations. Addressing these localized areas of contamination is not 

necessary under the Comprehensive Environmental Response, Compensation and Liability Act 

(CERCLA) because they do not pose a site-wide human health risk, however, cleanup would 

demonstrate responsible stewardship of the environment. Also, risks posed by lead in. surface 

and subsurface soil were not evaluated in the Remedial Investigation (RI) human he;aith risk 

assessment because health-based criteria were not available for evaluating either the 

noncarcinogenic or carcinogenic effects of lead exposure. Selected remediation goals for future 

residential land use for Site 36 are provided below. 

Contaminant Location 

PAHs Western portions of the site 

Pesticides Western portions of the site 

Lead Eastern portion of the site 

Basis for Remedial Goal 

USEPA Region IX Residential PRGs 

USEPA Region IX Residential PRGs 

USEPA Directive for lead (400 ppm) 
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Groundwater Contaminants of Concern and Remediation Goals 

The remediation goals for groundwater at Site 36 were selected based on regulatory 

requirements, standards, and guidance. Selected remediation goals for Site 36 and the basis for 

each remedial goal are provided below. The following VOCs were detected above the NCWQS 

during the April 2002 sampling event: 

Contaminant Remedial Goal 

Trichloroethene 2.8 pg/L 

1,1,2,2-Tetrachloroethane 0.17 pLg/L * 

Vinyl Chloride 0.015 pg/L 

Basis for Remedial Goal 

NCWQS 

NCWQS 

NCWQS 

* Interim Standard 

Remedial Action Objectives 

. Remove or mitigate potential exposure to contaminated surface and subsurface soils on 

the site that contain contaminants in excess of the selected remediation goals for 

residential land use, AND 

ID Protect human health by mitigating the potential for exposure to the contaminated 

aquifer. 

RemediaI Action Alternatives (RAAs) 

A wide range of potential RAAs are available that represent various levels of response actions, 

remediation goals, land use controls, and remediation costs. Although surface soil at Site 36 does 

not generate a risk, it is recommended that alternatives be selected to address localized areas of 

higher PAH and pesticide concentrations in soil, and lead in soil above the EPA action level of 

400 ppm. Alternatives are also presented to address contaminants in groundwater exceeding the 

NCWQS. The RAAs for soil (S) and groundwater (GW) at Site 36 are: 
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36s RAA 1: No Action $0 

. No remedial actions taken 

TOTAL COST 

36s RAA 2: Capping and Institutional Controls for Lead Contaminated Areas $188,000 

l Localized impacted PAH and pesticide soil areas capped 

0 Site is graded and revegetated 

0 Areas exceeding USEPA residential action level for lead (400 ppm) are 

surveyed and delineated 

l Land use controls for intrusive activity within the capped areas and future 

use restrictions for lead contaminated areas are imposed at Site 36 

36s RAA 3: Excavation and Off-Site Disposal and Institutional Controls for 

Lead Contaminated Areas 

. Localized impacted PAH and pesticide soil areas excavated 

. Excavated soil is disposed in the Base landfill 

$20 1,000 

l Site restored to pre-excavation conditions 

* Areas exceeding USEPA residential action level for lead (400 ppm) are 

surveyed and delineated 

. Land use controls for intrusive activity within the capped areas and 

future use restrictions for lead contaminated areas are imposed at Site 36 

36GW RAA 1: No Action 

. No physical remedial actions implemented for groundwater 

36GW RAA 2: Enhanced Natural Attenuation 

* A hydrogen releasing compound (HRC) is injected into the surficial 

aquifer via Geoprobe points 

e HRC enhances natural attenuation for expedited cleanup 

e Monitoring tracks progress towards NCWQS cleanup goals 

e Aquifer use restrictions (until remedial cleanup goals are achieved) 

e Land use controls for intrusive activities within plume boundary 

$0 

$69 1,000 
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36GW RAA 3: Monitored Natural Attenuation 

. Monitoring until groundwater reaches NCWQS cleanup goals 

. Aquifer use restrictions (until remedial cleanup goals are achieved) 

. Land use control for intrusive activities within plume boundary 

$4 10,000 

Site 43 (Azan Street Dump) 

Site 43 Location 

l Located at the northern terminus of Agan Street, adjacent to the abandoned sewage 

disposal facility 

. 11 acres bordered to the east and south by Strawhom Creek and to the north by Edwards 

Creek 

. Site is heavily vegetated, and areas along Edwards and Strawhorn Creek are prone to 

flooding 

. Site 43 is traversed by an improved gravel road and unimproved paths 

Site 43 History 

l Construction debris (mostly fiberglass and lumber) were disposed at the site 

. Sludge from the former treatment facility was also dumped at Site 43, however, the years 

in which this took place are unknown 

Previous Investigations and Remedial Actions 

. A TCRA was performed at Site 43 in 199.5 by the RAC due to the findings of the Site 

Inspection (SI) 

TCRA activities involved the removal of all surficial metallic debris, including 

empty drums, various scrap metals and an old tank vehicle 

OHM collected, sampled and shipped off-site four drums (1,400 Ibs.) of 

hazardous materials for disposal 
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. From February through May of 1995 an RI was conducted at Site 43 

SVOCs (predominantly PAHs) were detected in surface and subsurface soil 

samples almost exclusively in a cleared area along the site access road 

VOCs were not detected in surface or subsurface soil samples 

No inorganics detected in surface or subsurface soils exceeded USEPA Region 

IX Residential PRGs 

Iron and manganese were detected at levels above the NCWQS in groundwater 

Summary of Human Health Risk Assessment 

. There are no unacceptable human health risks for current receptors at Site 43 

. No carcinogenicrisks were identified for future adult and child residents or construction 

workers 

0 Ingestion of iron in groundwater contributed to unacceptable noncarcinogenic risks under 

a future land use scenario 

Soil Contaminants of Concern and Remediation Goals 

The remediation goals for soil at Site 43 were selected based on regulatory requirements, 

standards and guidance. Although soil at Site 43 does not generate a human health risk, a 

localized area of surface and subsurface soil exhibited elevated levels of organic compounds 

when compared to site-wide concentrations. In addition, the site is located adjacent to a Base 

housing area and potentially could be used for future residential land use. Selected remediation 

goals for residential land use for Site 43 are provided below. 

Contaminant Location 

PAHs Western portion of the site 

Remedial Goal 

USEPA Region IX Residential IPRGs 

Groundwater Contaminants of Concern and Remediation Goals 

In groundwater, VOCs, pesticides and PCBs were not detected during the RI. The detected 

inorganics (iron and manganese) are naturally occurring and not related to past disposal 

practices. One SVOC (Cmethylphenol) was detected at a concentration of 2 pg/L from a 

temporary monitoring well which does not exceed the NCWQS of 3.5 &L. No other organic 

compounds were detected. Accordingly, groundwater will not be retained as a media of concern 

at this site. 
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Remedial Action Objectives 

l Retnove or mitigate potential exposure to contaminated surface and subsurface soils on 

the site that contain contaminants in excess of the selected remediation goals (cleanup 

levels) for residential land use 

RemediaI Action Alternatives 

Although soil at Site 43 does not generate a risk, a range of potential RAAs is available to address 

localized areas of higher PAH concentrations in soil. The residential land use RAAs for Site 43 

include four scenarios: 

COST TOTAL 

43s RAA I: No Action 

. No physical remedial actions implemented 

43SRAA 2: Capping 

. Localized impacted PAH areas capped 

. Site is graded and revegetated 

. Intrusive activity restrictions 

43s RAA 3: Excavation and Off-Site Disposal 

0 Localized impacted PAH areas excavated 

. Excavated soil is disposed in the Base landfill 

l Site restored to pre-excavation conditions 

. Intrusive activity restrictions 

43GWRAA I: No Action 

0 No physical remedial actions implemented 

$0 

$169,000 

$119,000 

$0 
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Site 44 (Jones Street Dump) 

Site 44 Location 

. Encompasses 5 acres behind the Base housing on Jones Street 

l Vehicle access is possible via Baxter Street, from Curtis Road 

. Site is partially surrounded by a (i-foot chainlink fence, however, a portion of the site lies 

to the east of the fenced area 

l Bordered to the north by Edwards Creek and to the east by a wooded area and a tributary 

to Edwards Creek 

l Site is comprised of open fields, high grass, and small pine trees 

Site 44 History 

. The Site 44 Jones Street Dump was in operation during the 1950s 

. Debris, cloth, lumber and paint cans were reportedly disposed 

. Minor quantities of potentially hazardous waste may have been disposed 

Previous Investigations and Remedial Actions 

l An RI was conducted at Site 44 from February through July 1995 

Organic contaminants were not detected in surface or subsurface soil satnples 

Detected inorganics in soil do not exceed USEPA Region IX Residential PRGs 

Iron and manganese are the only detected constituents in groundwater that 

exceed the NC WQS 

Summary of Human Health Risk Assessment 

. There are currently no unacceptable human health risks at Site 44 

l Only groundwater presented a potential future risk at Site 44 due to the ingestion of iron 

detected in groundwater 
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Soil Contaminants of Concern and Remediation Goals 

Soil sampling results from the RI show that inorganics are the most prevalent constituents and 

are evenly dispersed throughout the site. Most of the detected inorganics are below the base 

background levels in both surface soils and subsurface soils at Site 44. Because the inorganics 

did not generate unacceptable risk or exceed screening criteria, surface soil and subsurface soil 

were not retained as media of concern for Site 44. In addition, the concentrations in soil were 

not elevated enough to leach from the soil and impact groundwater. 

Groundwater Contaminants of Concern and Remediation Goals 

Groundwater sampling results from the RI showed that detections of VOCs were limited to the 

surficial aquifer and were detected at low concentrations. Tetrachloroethene was detected at an 

estimated concentration of 1 pg/L in a groundwater sample from monitoring well 44-GW03. 

The lack of VOC detections in other monitoring wells that are located hydraulically 

downgradient from this well indicates that the extent of organic contamination is limiteld to that 

general location. Moreover, the relatively low VOC concentration suggests that its presence 

may be the result of unintentional spillage or limited disposal rather than long-term disposal or 

buried containers. Iron and manganese detected at levels above the NCWQS are naturally 

occurring. A Base background study is currently being conducted, and it is likely th.at these 

inorganics fall within the naturally occurring range for Marine Corps Base (MCB), Camp 

Lejeune. Therefore, due to limited impact, groundwater is not retained as a medium of concern 

at Site 44. 

RemediaI Action Objectives 

e There are no media of concern addressed for Site 44, therefore no remedial action is 

warranted at this site. 

Remedial Action Alternatives 

The No Action alternatives for soil and groundwater are presented for Site 44: 
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445’ RAA 1: No Action 

. No physical remedial actions implemented 

44GW RAA 1: No Action 

l No physical remedial actions implemented 

TOTAL Cm 

$0 

$0 

Site 54 (Crash Crew Fire Traininp Burn Pit) 

Site 54 Location 

. Site 54 is approximately 1.5 acres, located near the southwest end of runway 5-23 

0 Two drainage ditches direct surface water runoff away from the burn pit in a southerly 

direction 

Site 54 History 

. Fire training exercises were conducted beginning in the mid-1950s within the former 

burn pit 

. Waste fuels, oils and solvents were used as fuels to simulate fire conditions 

. In 1975, a lined burn pit was constructed at Site 54 and remained in operation until 

August 2000 

. A new fire training facility was put into operation in 200 1 

Previous Investigations and Remedial Actions 

e An RI was conducted in February through April 1995 

A number of VOCs and SVOCs were detected in soil at Site 54, but did not 

exceed USEPA Region IX Residential PRGs 

Iron and lead were detected in groundwater at levels above the NC WQS 
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l A groundwater monitoring program at Site 54 began in July 1998 

The 14”’ quarterly monitoring event was completed in April 2002 

Groundwater monitoring was implemented at this site to determine the 

effectiveness of NA, and to assess if NA could be a viable remedial ahernative 

for the site 

l In April 2001, the RAC concluded remediation and construction services at Si,te 54 that 

included: 

Removal of the underground storage tank (UST) and construction debris from the 

former burn pit 

Soil excavation roughly oval in shape with a length of 128 feet, a width of 96.5 

feet and extending 9 feet below grade to the surface of groundwater 

Installation of a new, concrete-lined fire training area 

Installation of two new aboveground propane tanks 

Removal of petroleum-oil-lubricant (POL) contaminated soils at Site 54 

Summary of Human Health Risk Assessment 

0 There are no human health risks for current receptors at Site 54 

l Potential future noncarcinogenic risks from ingestion of groundwater were calculated for 

potential future child and adult residents as a result of iron in groundwater 

0 The future adult resident scenario also generated potential carcinogenic risk from iron in 

groundwater 

Soil Contaminants of Concern and Remediation Goals 

Due to the removal action completed in April 2001, soil contamination has already been 

removed from the site. Soil samples taken during the RI showed SVOC contamination, mostly 

from PAH compounds. Following the excavation, eight confirmatory samples were taken for 

PAHs, and no contaminants remained on site above cleanup goals (NC SSLs). Therefore, 

surface or subsurface soil is not retained as a medium of concern at Site 54. 
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Groundwater Contaminants of Concern and Remediation Goals 

There have been no detections of VOCs in the past 11 sampling quarters that exceed the NCWQS 

(Baker 2001). Only one SVOC has been detected in three sampling quarters (July 2000, 

October 2000 and January 2001) at a concentration slightly above the NCWQS. In the October 

2001 sampling event, three SVOCs were detected in one monitoring well (54-GWl l) above the 

NCWQS. It was suspected that these detections were the result of the construction and 

remediation activities that occurred at Site 54 which impacted the integrity of this well. A 

Geoprobe sample collected adjacent to this well in January 2002 verified that the SVOCs detected 

in October 2001 were not present in the groundwater. During the removal action, one 

groundwater sample was taken at the center of the excavation. There were no detections of PAHs 

in this groundwater sample. 

During the RI, there were five detections of lead out of 13 samples. One detection (39.7 pg/L) 

exceeded the NCWQS of 15 p-g/L. This well is upgradient from the former burn pit. Therefore, 

groundwater is retained as a medium of concern at Site 54 since lead is present in the 

groundwater above standards. The contaminant source was potentially removed during the April 

2001 removal action. Therefore, it is expected that physical processes such as diffusion and 

dispersion should decrease the concentration of lead in the aquifer over time. 

Contaminant Remedial Goal 

Lead 15 W- WWQS> 

Remedial Action Objectives 

. Properly address lead in groundwater at Site 54 

Remediai Action Alternatives 

Although the site does not generate a risk for groundwater, a two RAAs are available to address 

contaminants that exceed NCWQS. The no action alternative is also presented for soil: 
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54s RAA 1: No Action 

. No physical remedial actions implemented 

54GW ZL4A I: No Action 

l No physical remedial actions implemented 

TOTAL COST 

$0 

$0 

54G W RAA 2: Institutional Controls With Monitoring $44,000 

0 Monitoring until groundwater reaches NCWQS for lead in four 

consecutive sampling events 

. Aquifer use restrictions (until remedial cleanup goals are achieved) 

. Land use control for intrusive activities within plume boundary 
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1.0 INTRODUCTION 

Marine Corps Base (MCB) Camp Lejeune was placed on the Comprehensive Environmental 

Response, Compensation, and Liability Act of 1980 (CERCLA) National Priorities List (NPL) 

effective November 4, 1989 (54 Federal Register 41015, October 4, 1989). Subsequent to this 

listing, in March 199 1, the United States Environmental Protection Agency (USEPA) Region IV, 

the North Carolina Department of Environment and Natural Resources (NC DENR), the 

Department of Navy (DON) and the Marine Corps entered into a Federal Facilities A.greement 

(FFA) for MCB, Camp Lejeune. The primary purpose of the FFA was to ensure that 

environmental impacts associated with past and present activities at the Base were thoroughly 

investigated and that appropriate CERCLA response and Resource Conservation Recovery Act 

(RCRA) corrective action alternatives were developed and implemented, as necessary, to protect 

public health and welfare, and the environment (MCB, Camp Lejeune FFA, 1991). 

The Fiscal Year 2002 Site Management Plan for MCB, Camp Lejeune, a primary document 

referenced in the FFA, identifies 42 sites that require Remedial Investigation/Feasibility Study 

(RI/FS) activities. These 42 sites have been divided into 21 Operable Units (OUs). Operable 

units are formed as an incremental step toward addressing individual site concerns and to simplify 

the specific problems associated with a site or group of sites. This report describes the Feasibility 

Study (FS) conducted for OU No. 6, which is comprised of Sites 36, 43, 44 and 54. The location 

of these sites is shown on Figure l-l. FS reports have previously been completed for Sites 36 and 

54; however, this FS will readdress Sites 36 and 54 in light of recent site investigations and 

remedial actions. Site 86 had formerly been addressed as part of OU No. 6, but it was removed in 

July 2000 and placed in OU No. 20. Therefore, Site 86 will not be covered in this FS. 

This FS has been prepared by Baker Environmental, Inc. (Baker) for the DON, Atlantic Division 

Naval Facilities Engineering Command (LANTDIV), Comprehensive Long-Term Environmental 

Action Navy (CLEAN) Program. Activities associated with this FS for OU No. 6 heave been 

conducted in accordance with the requirements contained in the National Oil and Hazardous 

Substances Pollution Contingency Plan (NCP) [40 Code of Federal Regulations (CFR) 300.4301. 

The NCP guidelines dictating the FS process were promulgated under CERCLA, c’ommonly 

referred to as Superfund, and amended by the Superfund Amendments and Reauthorization Act 

(SARA). The USEPA document entitled Conducting Remedial Investigations and Feasibility 

Studies Under CERCLA (USEPA, 1988) provided guidance during the preparation ofthis report. 
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1.1 Report Purpose and Owanization 

The subsections that follow describe the purpose and organization of this FS report. 

1.1.1 Purpose of the Feasibility Study 

The primary purpose of the FS report for OU No. 6 is to identify the remedial alternatives that are 

protective of human health and the environment, and that cost-effectively attain Federal and State 

requirements that are applicable or relevant and appropriate (ARARs). In general, the FS process 

under CERCLA serves to ensure appropriate remedial alternatives are developed and e:valuated, 

such that pertinent information concerning the remedial action options can be presented and an 

appropriate remedy selected. The FS involves two major functions: 

1. Development and screening of remedial action alternatives, and 

2. Detailed analysis of remedial action alternatives. 

The first phase of the FS process includes the following activities: 

Developing remedial action objectives and remediation levels 

Developing general response actions 

Identifying volumes or areas of affected media 

Identifjling and screening potential technologies and process options 

Evaluating process options 

Assembling alternatives 

Defining alternatives 

Screening and evaluating alternatives 

Section 12 l(b)( 1) of CERCLA requires that an assessment be conducted to investigate possible 

solutions and alternative treatment technologies or resource recovery technologies that, in whole 

or in part, will result in a permanent and significant decrease in the toxicity, mobility, or volume 

of the hazardous substance, pollutant, or contaminant. In addition, according to CERCLA, 

treatment alternatives should be developed ranging from an alternative that, to th’e degree 

possible, would eliminate the need for long-term management to alternatives that involve 

treatment that would reduce toxicity, mobility, or volume as their principal element. A 

containment option involving little or no treatment and a no-action alternative should also be 

developed. 
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The second phase of the FS process consists of: 

. Evaluating the potential alternatives in detail with respect to nine evaluation c.riteria that 

address statutory requirements and preferences of CERCLA 

l Performing a comparison analysis of the evaluated alternatives. 

1.1.2 Report Organization 

This FS is organized into five sections. The Introduction (Section 1 .O) presents the purpose of the 

report, a brief discussion of the FS process, and pertinent site background information including a 

summary of the nature and extent of contamination and risk assessments at OU No. 6. 

Section 2.0 contains the remedial action objectives and remediation goals that heave been 

established for OU No. 6. Section 3.0 contains the identification of general response ac.tions, and 

the identification and preliminary screening of the remedial action technologies and process 

options. Sections 4.0 and 5.0 contain the development, detailed analysis, and comparison of 

remedial action alternatives for the individual sites of OU No. 6. The detailed analysis is based 

on a set of nine criteria including short-term and long-term effectiveness, implementability, cost, 

acceptance, compliance with applicable regulations, and overall protection of human health and 

the environment. Reference sources are provided in Section 6.0. 

1.2 BackPround Information 

This section presents background information pertaining to OU No. 6. The following subsections 

include information such as site location and setting, geology, hydrogeology and site history. 

Further information of this type for OU No. 6 can be found in the Final Feasibility Study Report, 

Operable Unit No. 6, Site 54 (Baker 1998a), Final Feasibility Study Report, Operable Unit No. 6, 

Site 36 (Baker 1998b), and the Prefinal Record of Decision, Version 2, Operable Unit No. 6, 

Sites 36,43,44, 54, and 86 (Baker 2000). 
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1.2.1 Site Location and History 

Site 36 

Site 36 is located approximately 1,000 feet east of Camp Geiger and 500 feet west o.f the New 

River, adjacent to the Camp Geiger Sewage Treatment Plant. Camp Geiger is situated directly 

north of Marine Corps Air Station (MCAS), New River, and approximately 3 miles southwest of 

Jacksonville, North Carolina. 

Figure l-2 shows the features of Site 36. The site encompasses nearly 20 acres and is comprised 

primarily of open fields and wooded areas. A gravel road bisects the site and provides access to 

Jack’s Point Recreation Area, located approximately one-quarter mile to the east. The site is 

bordered to the north and east by Brinson Creek and a wooded area, to the south by an unnamed 

tributary to Brinson Creek, and to the west by an improved (i.e., coarse gravel) road. .Further to 

the west of the improved road lies an abandoned railroad right-of-way, once part of the Seaboard 

Coastline Railroad. 

Site 36 reportedly has been used for the disposal of municipal wastes and mixed industrial wastes 

including trash, waste oils, solvents, and hydraulic fluids that were generated at MCAS, New 

River. The dump was active from the late 1940s to the late 1950s. Most of the material was 

burned and buried; however, some unburned material was also buried. Reportedly, less than five 

percent of all waste hydrocarbon material generated at MCAS, New River was disposed at 

Site 36. The remaining waste oil was reportedly used for dust control on roads or discharged 

directly to storm drains. 

Parts of the site have been changed due to the construction of the North Carolina Department of 

Transportation (NCDOT) Route 17 bypass project. Several of the gravel roads that ran through 

the site have been widened and the elevation raised, serving as the subgrade for the Route 17 

bypass. The Route 17 bypass construction extends outside the boundaries of the Site 36 study 

area and lies to the west of the site. 
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Site 43 

Site 43 is comprised of approximately 11 acres and is located within the operations area of 

MCAS, New River, two miles west of the New River. Vehicle access to the site is via Agan 

Street from Curtis Road. 

Figure l-3 shows the site features for Site 43. The site is located at the northern terminus of Agan 

Street, adjacent to an abandoned wastewater treatment plant. The site is bordered to the north by 

Edwards Creek, to the east and south by Strawhorn Creek, and to the west by Agan Street and the 

former sewage disposal facility. Strawhom Creek discharges into Edwards Creek at Site 43. 

Edwards Creek then discharges into the New River approximately 2,000 feet north of the study 

area, near Site 36. 

Much of this site is heavily vegetated with dense shrubs and trees greater than three inches in 

diameter. Marsh areas prone to flooding surround both the Strawhom and Edwards Creeks. An 

improved gravel loop road provides access to the main portion of the study area; other, smaller 

unimproved paths extend outward from the gravel loop road. 

The Agan Street Dump reportedly received mainly inert material such as construction debris (i.e., 

fiberglass and lumber) and trash. Sludge from the former sewage disposal facility, located 

adjacent to the study area, was also dumped at Site 43. The time period during which disposal 

activities occurred, however, is not known. 

Site 44 

The Jones Street Dump (Site 44) encompasses approximately 5 acres and is situated within the 

operations area of MCAS New River. Figure l-4 shows the site features of Site 44. Vehicle 

access to the site is via Baxter Street, from Curtis Road. Site 44 is located at the northern 

terminus of Baxter Street, behind Base housing units situated along Jones Street. 

The site is partially surrounded by a six-foot chainlink fence constructed in 1995 to limit 

access/exposure to housing residents, but a portion of the site lies to the east of the fenced area. 

The site is bordered to the north and west by Edwards Creek, to the east by woods, a m.arsh area 

and an unnamed tributary to Edwards Creek. Edwards Creek flows east from the study area 

toward Site 43, which is located about 2,000 feet east of Site 44. 
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A majority of the site is comprised of a gently dipping open field that slopes toward Edwards 

Creek. The field is covered with high grass, weeds, and small pine trees that are less than two 

inches in diameter. Surrounding the open field is a mature wooded area with a dense brush. 

Site 44 was reportedly in operation during the late 1950s. Although the quantity of waste is not 

known, debris, cloth, lumber and paint cans were reportedly disposed at the site. It was also 

reported that minor quantities of potentially hazardous waste may have been disposed at Site 44; 

however, background- information does not indicate the exact nature of hazardous waste disposed. 

Site 54 

Site 54 is the former Crash Crew Fire Training Bum Pit. The site is located near the southwest 

end of runway 5-23, within the operations area of MCAS, New River. Figure l-5 shows the site 

features of Site 54. The former burn pit was approximately 90 feet in diameter and was situated 

at the center of this 1.5 acre site. An 8,000-gallon underground storage tank (UST) was located to 

the northwest of the bum pit. Fire training exercises were conducted within the bum pit using JP- 

type fuel, which was stored in the nearby UST. An oil and water separator., located 

approximately 100 feet southeast of the bum pit, was used for temporary storage and collection of 

the spent fuel. 

An improved gravel surface surrounds the burn pit, while the remaining portion of the site is 

comprised of a maintained lawn area. The ground surface slopes away from the central portion of 

the study area toward the south, southwest and southeast. Two drainage ditches lead away from 

the bum pit area toward the south, on either side of an improved road. During periods of heavy 

precipitation, the ditches serve as channels for surface water runoff. 

Site 54 has served as a fire training bum pit since the mid-1950s. Excess fuels, oils and solvents 

were used as fuel to simulate fire conditions that would result from aircraft crashes. Fire training 

at Site 54 was originally conducted on the ground surface, within a bermed area. In 1975, a 

concrete-lined bum pit was constructed. In April 2001, construction and remedial activities at 

Site 54 were completed by the Remedial Action Contractor (RAC). The UST was removed and 

excavated contaminated soils from the bum pit and construction debris were taken to the Base 

landfill. Construction activities included a new concrete basin fire training area and two propane 

tanks (OHM 2001). 
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1.2.2 Geology 

Site 36 

A depositional sequence, consistent with the generalized North Carolina coastal plain :sequence, 

was observed in borings throughout Site 36. The uppermost beds are undifferentiated. The 

surficial aquifer lies within the sediments of this undifferentiated formation. Less permeable 

sediments below the undifferentiated formation comprise the Belgrade Formation, also (called the 

Castle Hayne confining unit. According to Cardinell et al., 1993, the Belgrade Formation 

constitutes part of the surficial aquifer and Castle Hayne confining unit. In this report for the 

purpose of simplicity, the less permeable sediments below the undifferentiated formation will be 

referred to as the Belgrade Formation (Castle Hayne confining unit). The River Bend Formation 

lies below the Belgrade Formation and is primarily characterized by beds of partially (cemented 

shell fragments. The upper portion of the Castle Hayne aquifer lies within sediments of the River 

Bend Formation. The generalized sequence shows that the Yorktown, Eastover, and Pungo River 

Formations lie between the undifferentiated and Belgrade Formation. However, the Y-orktown, 

Eastover, and Pungo River Formations have not been identified at Camp Lejeune. 

Much of the surface soil at the site has been disturbed by human activity, as evidenced by the 

mounds, ridges, roads, and cleared areas observed throughout the site. Debris and soil hlave been 

disposed on portions of the site that resulted in the ridge and mound areas. Generally, regraded 

soil and debris were encountered in borings in the southern portion of Site 36. The soil was 

observed to be predominantly sand, silt and clay, with a lesser amount of debris. The debris 

included rocks, glass, metal, bricks and wood. 

The uppermost formation at Site 36, the undifferentiated formation, is comprised of several units 

of Holocene and Pleistocene ages. This formation typically extends to a depth between 30 and 40 

feet below ground surface (bgs). Fine sand, with lesser amounts of silt and clay occupies the 

uppermost portion of the formation. This sand unit is typically 5 feet thick. Below the sand is a 

clay layer with lesser amounts of tine sand and silt, approximately 2 to 5 feet thick. A second 

fine sand layer is below the clay. Zones of medium and coarse sand are present within this 

second sand unit. This sand unit also contains a lesser amount of silt and clay, and is 

approximately 5 to I5 feet thick. Additionally, laminae features are distinct in some portions of 

the unit. A unit composed of predominantly shell fragments lies below the second sand. This 
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unit also contains of a lesser amount of fine sand, silt, and clay. This unit occupies ,the lower 

portion of the formation, and is 15 to 20 feet thick. The sands of the undifferentiated formation 

tend to be loose to medium dense, the clays are soft to medium stiff, and the shell fragment layer 

is dense to very dense. 

The Belgrade Formation is comprised of fine sand with lesser amounts of sheii fragments, silt, 

and clay of the Miocene age. The top of this formation lies 30 to 40 feet bgs, is 15 to 20 feet 

thick, and has a distinct green or greenish-gray color. The sediments of this formation are 

medium dense to dense. 

The River Bend Formation is comprised of fine to medium sand, with lesser amounts of shell 

fragments, silt, and clay of the Oligocene age. This formation lies approximately 60 feet bgs at 

Site 36. The sediments of this formation are very dense. 

Site 43 

A depositional sequence was observed in the deep well borings at Site 43 that matches the 

sequence discussed in the U.S. Geological Survey’s hydrogeologic assessment of Camp Lejeune 

(Cardinell, et al., 1993). The uppermost formation at Site 43 is called the undifferentiated 

formation. The Belgrade Formation lies below, with the River Bend Formation below that. 

The uppermost formation at Site 43, the undifferentiated formation, is comprised of two units of 

Holocene and Pleistocene ages. This formation extends to a depth between 33 and 38 feet bgs. 

The upper unit consists of fine sand with lesser amounts of medium and coarse sand, silt and clay. 

This unit is approximately 20 feet thick, and tends to be loose to medium dense. A fine to 

medium sand with a lesser amount of shell fragments and silt lies below the upper sand. This fine 

to medium sand unit is 12 to 18 feet thick, and tends to be medium dense to dense. Lenses of silts 

and clays were sporadically encountered in the undifferentiated formation. 

The Belgrade Formation, is comprised of fine sand, with lesser amounts of silt and clay of the 

Miocene age. The top of this Formation lies 33 to 38 feet bgs, is approximately 16 feet thick, and 

has a distinct green or greenish-gray color. The sediments of this formation are medium dense to 

dense. 
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The River Bend Formation is comprised of tine sand, with lesser amounts of shell fragments and 

silt of the Oligocene age. This Formation lies 50 to 55 feet bgs at Site 43, and tends to be very 

dense, 

Site 44 

A depositional sequence was observed in the deep well borings at Site 44 that matches the 

sequence discussed in the U.S. Geological Survey’s hydrogeologic assessment of Camp Lejeune 

(Cardinelt, et al., 1993). The uppermost formation at Site 44 is the undifferentiated formation. 

The Belgrade Formation lies below, with the River Bend Formation below that. 

The undifferentiated formation typically consists of three units of Holocene and Pleistocene ages. 

The upper unit is 3 to 8 feet thick and predominantly consists of silt and clay layers that are 

medium stiff to very stiff. The middle unit is predominantly tine sand with lesser amounts of silt 

and clay, and is loose to medium dense. This unit is approximately 12 to 14 feet thick. The 

lower unit is generally a fine to medium sand and shell fragments with lesser amounts of silt, or a 

clayey silt and shell fragments. These sediments are typically medium dense to very dense, and 

are approximately 30 feet thick. The undifferentiated formation typically extends to a depth 

between 45 and 50 feet bgs. 

The Belgrade Formation, is predominantly a fine sand and clayey silt of the Miocene age. The 

top of this Formation lies 45 to 50 feet bgs, is approximately 5 feet thick, and has a distinct green 

or greenish-gray color. These sediments are typically medium dense to dense. 

The River Bend Formation is predominantly a fine to medium sand with lesser amounts of silt 

and clay of the Oligocene age. This Formation lies 52 to 57 feet bgs’at Site 44. The sediments of 

this formation are typically medium dense to dense. 

Site 54 

A generally consistent depositional sequence was observed in borings throughout Site 54. The 

exception is a thin, discontinuous fine-grained layer, called the Belgrade Formation. The 

uppermost beds are undifferentiated. The surficiai aquifer lies within the sediments of this 

undifferentiated formation. Less permeable, fine-grained sediments below the undifferentiated 
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formation comprise the Belgrade Formation, also called the Castle Hayne confining unit. 

According to Cardinell, et. al., 1993, the Belgrade Formation constitutes part of the surficial 

aquifer and Castle Hayne confining unit. In this report, for the purpose of simplicity, the less 

permeable sediments below the undifferentiated formation will be referred to as the Belgrade 

Formation (Castle Hayne confining unit). The River Bend Formation lies below the Belgrade 

Formation and is primarily characterized by beds of partially cemented shell fragments. The 

upper portion of the Castle Hayne aquifer lies within sediments of the River Bend Formation. 

The uppermost formation at Site 54, the undifferentiated formation, consists of severa. units of 

Holocene and Pleistocene ages. This formation typically extends to a depth between 15 to 20 feet 

bgs. The upper 2 feet of soil appear to be fill or reworked soil, particularly in the area around the 

burn pit. Compacted layers of gravel, sand, silt, and/or clay were observed. Otherwise, a 

predominantly silty fine sand or silt is present at the surface. Sediments of the undifferentiated 

formation tend to coarsen with depth, and are generally medium dense. Thin, discontinuous 

lenses of clay and silt are scattered throughout the undifferentiated formation. 

The Belgrade Formation, which is usually a well-defined and fine-grained unit, was observed to 

be thin and discontinuous under Site 54. These units are identified as the “possible Castle Hayne 

confining unit” on the cross sections, and the formation contact is projected in places because of 

the discontinuous nature. However, these fine-grained units are at elevations consistent with 

elevations described by Cardinell, and generally match the description of the confining unit as 

less permeable sediments. These fine-grained units generally contain clay with lesser amounts of 

fine sand and silt of the Miocene age. This formation is typically 12 to 16 feet bgs, and can be 

less than 2 feet thick in places. The sediments of this formation are very soft to soft. 

The River Bend Formation lies under the Belgrade Formation where present, but is generally in 

direct contact with the undifferentiated formation. The River Bend Formation consists of several 

units of the Oligocene age. This formation lies 12 to 22 feet bgs at Site 54. The formation 

predominantly consists of fine to medium sand south of the bum pit, and predominantly silty fine 

sand to fine sand east of the bum pit. Sediments in this formation are generally medium dense. 

Cemented and partially cemented shell fragments, typical of the River Bend Formation at other 

OU 6 sites, were observed only at monitoring well 54-GW07 (Figure l-9). 
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1.2.3 Hydrogeology 

Site 36 

There are several aquifers beneath Site 36 and vicinity. The upper two aquifers were investigated 

in this study: the surficial and Castle Hayne. The surficial aquifer occurs within the sediments of 

the undifferentiated formation within 10 feet of the surface. It is approximately 25 to 30 feet 

thick in the vicinity of Site 36 and is under unconfined conditions (i.e., water table aqurfer). The 

upper portion of the Castle Hayne aquifer occurs within the sediments of the River Bend 

Formation. The Castle Hayne aquifer occurs approximately 60 feet bgs and is approximately 200 

feet thick in the vicinity of Camp Geiger and the Air Station (Cardinell et al., 1993). The 

Belgrade Formation, situated between the undifferentiated and River Bend Formations is also 

known as the Castle Hayne confining unit. The Castle Hayne confining unit is approximately 17 

to 23 feet thick at Site 36. 

The surficial aquifer hydraulic conductivity values are an order of magnitude lower than the value 

presented in the Cardinell’s report. The average hydraulic conductivity at Site 36, based on RI 

slug tests is 2.4 feet/day, compared to 50 feet/day presented by Cardinell. Cardinell provided an 

estimated hydraulic conductivity value of 50 feet/day based on a general composition of fine 

sand, mixed with some silt and clay. The average hydraulic conductivity and transmissivity for 

the Castle Hayne aquifer at Site 36 is 5.7 feet/day and 1,248 feet’/day, respectively. Cardinell’s 

report presents hydraulic conductivities and transmissivities from several studies. Hydraulic 

conductivities range from 14 to 91 feet/day and transmissivities range from 820 to 26,000 

feet’/day. The hydraulic conductivity results for Site 36 are comparable to other sites throughout 

Camp Lejeune. 

Groundwater flow in the surficial aquifer at Site 36 is to the northeast, toward Brinson Creek, 

with an average velocity of 0.1 feet/day. Groundwater flow in the upper Castle Hayne aquifer is 

to the northeast, with an average velocity of 0.3 feet/day. Because the hydraulic corrductivity 

varies, groundwater may exhibit preferential flow paths following the relatively highly 

conductive medium and coarse sands. There appears to be some degree of connection between 

the surficial and Castle Hayne aquifers. 
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Brinson Creek and the unnamed tributary, represent a groundwater flow boundary for the surficial 

aquifer at Site 36. It appears that groundwater in the surficial aquifer discharges to Brinson Creek 

based on the elevation of the creek relative to groundwater elevations and groundwater flow 

direction. 

Groundwater flow in the upper 10 to I5 feet of the surficial aquifer is complicated by the 

presence of a clayey layer under much of the site. The position of the clay layer roughly 

corresponds to the water table. During drilling, water was observed in sands and silts above the 

clay in the western portion of the site. It appears that water infiltrating the sands and silts is slow 

to infiltrate around/through the clay layer, creating a thin, perched groundwater zone. This 

perched zone may be seasonal. Baker personnel observed a significant amount of rain prior to the 

start of field activities. Many low-lying areas of the site contained ponded water or saturated 

soils. Additionally, the perched zone was typically less than 1 foot thick, and limited in extent. 

No perched zone was evident during drilling in the eastern portion of the site. There, the: depth to 

groundwater tended to be within or below the clay unit. 

Site 43 

There are several aquifers beneath Site 43 and vicinity. The upper two aquifers were investigated 

in this study, namely the surficial and Castle Hayne. The surficial aquifer, which is under 

unconfined conditions (i.e., water table aquifer), occurs within the sediments of the 

undifferentiated formation. The surficial aquifer typically lies within 5 feet of the surfagce and is 

30 to 37 feet thick in the vicinity of Site 43. The upper portion of the Castle Hayne aquifer lies 

within the sediments of the River Bend Formation. The Castle Hayne aquifer lies 50 to 55 feet 

bgs, and is approximately 200 feet thick in the vicinity of Camp Geiger and the Air Station 

(Cardinell et al., 1993). The Belgrade Formation, situated between the undifferentiated and River 

Bend Formations is also known as the Castle Hayne confining unit. The Castle Hayne confining 

unit is approximately I6 feet thick in the vicinity of Site 43. 

The surficial aquifer hydraulic conductivity values are on the same order of magnitude as the 

value presented in the Cardinell (1993) report. The average hydraulic conductivity at Site 43, 

based on RI slug tests, is 16.1 feet/day, compared to 50 feet/day presented by Cardinell. 

Cardinell provided an estimated hydraulic conductivity value of 50 feet/day based on ai general 

composition of fine sand, mixed with some silt and clay. The average hydraulic conductivity and 
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transmissivity for the Castle Hayne at Site 43 is 34.1 feet/day and 68 10 feet’lday, respectively. 

Cardinell’s report presents hydraulic conductivities and transmissivities from several studies. 

Hydraulic conductivities range from 14 to 91 feeti/day and transmissivities range from 820 to 

26,000 feetliday. The hydraulic conductivity results for Site 43 are comparable with other sites 

throughout Camp Lejeune. 

The calculated groundwater flow velocities of the surficial aquifer varied by an order of 

magnitude across the site, ranging from 0.03 feet/day to 0.33 feet/day. The highest velocity 

observed is at monitoring well 43-GW04 (Figure I-7). This is directly related to a hydraulic 

conductivity that is nearly an order of magnitude higher than the other wells. 

The calculated groundwater flow velocities for the Castle Hayne were 1.19 feet/day at monitoring 

well 43-G WO 1 DW and 0.18 feet/day at monitoring well 43-GW04DW. This order of magnitude 

difference is directly related to hydraulic conductivity. Note that these velocities are an estimate 

due to the fact that only two points were used to calculate the groundwater gradient. Three points 

are desirable for determining the gradient. 

Groundwater flow in the surficial aquifer at Site 43 is toward Strawhorn Creek and the marshland 

to the east, with an average velocity of 0.13 feet/day. Groundwater flow in the upper Castle 

Hayne aquifer is also to the east, with an average velocity of 0.69 feet/day. Because the hydraulic 

conductivity varies, groundwater may exhibit preferential flow paths following the relatively 

highly conductive medium and coarse sands. 

The surficial and Castle Hayne aquifers underlying Site 43 are separated by the Castle Hayne 

confining unit. This confining unit consists of fine sand with lesser amounts of silt and clay, and 

is approximately 16 feet thick. There appears to be some degree of hydraulic connection between 

the two aquifers. A vertical hydraulic conductivity of 0.0004 feet/day was measured in a sample 

from the Castle Hayne confining unit from monitoring well 43-GWOI DW. This rate suggests 

slow vertical infiltration through the confining unit at this particular location. 

It appears that groundwater in the surficial aquifer at Site 43 discharges to Strawhorn Creek, 

based on the elevation of the creek relative to groundwater elevations and groundwater flow 

direction. It appears that groundwater in the Castle Hayne aquifer flows underneath Strawhorn 

Creek, and may discharge to the New River and/or the adjacent marsh area. This is based on the 
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groundwater flow direction and consistent gradient. Groundwater elevation data compiled and 

mapped by Cardinell indicate that groundwater in the Castle Hayne aquifer flows toward, and 

discharges to the New River and its major tributaries. 

Site 44 

There are several aquifers beneath Site 44 and vicinity. The upper two aquifers were investigated 

in this study, namely the surficial and Castle Hayne aquifers. The surficial aquifer occurs within 

the sediments of the undifferentiated formation. The surficial aquifer, which is under unconfined 

conditions (i.e., water table aquifer), typically lies within 10 feet of the surface:, and is 

approximately 43 feet thick in the vicinity of Site 44. The upper portion of the Castle Hayne 

aquifer lies within the sediments of the River Bend Formation. The Castle Hayne aquifer lies 52 

to 57 feet bgs and is approximately 200 feet thick in the vicinity of Camp Geiger and the Air 

Station (Cardinell et al., 1993). The Belgrade Formation, situated between the Undifferentiated 

and River Bend Formations is also known as the Castle Hayne confining unit. The Castle Hayne 

confining unit is approximately 5 feet thick in the vicinity of Site 44. 

The surficial aquifer hydraulic conductivity values are an order of magnitude lower than .the value 

presented in the Cardinell report. The average hydraulic conductivity at Site 44, based on 

hydraulic conductivity slug tests is 1.4 feet/day, compared to 50 feet/day presented by Cardinell. 

Cardinell provided an estimated hydraulic conductivity value of 50 feet/day based on a general 

composition of fine sand, mixed with some silt and clay. The average hydraulic conductivity and 

transmissivity for the Castle Hayne at Site 44 is 17.8 feet/day and 3,560 feet2/day, respectively. 

Cardinell’s report presents hydraulic conductivities and transmissivities from several studies. 

Hydraulic conductivities range from 14 to 91 feet/day and transmissivities range from 820 to 

26,000 feet2/day. The hydraulic conductivity results for Site 44 are comparable with other sites 

throughout Camp Lejeune. 

The calculated groundwater flow velocities of the surficial aquifer varied within an order of 

magnitude across the site. The velocity values ranged from 0.01 feet/day at monitoring well 44- 

GWO5 to 0.05 feet/day at monitoring well 44-GW04 (Figure l-8). The variations in groundwater 

flow velocities across the site are likely due to the heterogeneous soil conditions at the site, which 

cause the hydraulic properties to change spatially. 
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The calculated groundwater flow velocities for the Castle Hayne were 0.36 feet/day at monitoring 

well 44-GWOl DW and 0.35 feet/day at monitoring well 44-GW06DW. The higher vellocities of 

the Castle Hayne aquifer as compared to the surficial aquifer are attributable to higher Ihydraulic 

conductivity values of the Castle Hayne. 

Groundwater flow in the surficial aquifer at Site 44 is toward Edwards Creek and the unnamed 

tributary, with an average velocity of 0.03 feet/day. Based on groundwater flow direction and 

groundwater elevation relative to surface water elevations, the surficial aquifer discharges to 

Edwards Creek and the unnamed tributary. 

Groundwater flow in the upper Castle Hayne aquifer is to the east with an average ve:locity of 

0.36 feet/day. Groundwater elevation data compiled and mapped by Cardinell indicate that 

groundwater in the Castle Hayne aquifer flows toward and discharges to the New River and its 

major tributaries. 

The Castle Hayne confining unit appears to be semi-confining. The groundwater elevations in 

the deep and shallow wells respond similarly to precipitation and/or atmospheric changes. The 

confining unit is relatively thin, approximately 5 feet thick, with a measured vertical permeability 

of 0.04 feet/day. Based on groundwater elevations in shallow and deep well clusters, there 

appears to be a consistent upward groundwater flow from the Castle Hayne to the surficial 

aquifer. 

Site 54 

There are several aquifers beneath Site 54 and vicinity. The upper two aquifers investigated in 

this study are: the surficial and Castle Hayne. The surficial aquifer occurs within the sediments 

of the undifferentiated formation typically within 10 feet of the surface. The surficial aquifer is 5 

to 10 feet thick where the Belgrade Formation is present. The upper portion of the Castle Hayne 

aquifer occurs within the sediments of the River Bend Formation. According to U.S. Geological 

Survey report (Cardinell, et. al, 1993), the Castle Hayne aquifer is approximately 200 feet thick in 

the vicinity of Camp Geiger and the Air Station. 
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The average surficial aquifer hydraulic conductivity at Site 54 is about half of the value presented 

by Cardinell. The average hydraulic conductivity value at Site 54, based on slug tests, is 

22.5 feet/day, compared to 50 feet/day presented in Cardinell. The Cardinell value was estimated 

based on a general composition of fine sand, mixed with some silt and clay. The average 

hydraulic conductivity and transmissivity for the Castle Hayne at Site 54 is 32.0 feet/day and 

6,390 feet’iday, respectively. Cardinell reported hydraulic conductivities and transmissivities 

from several studies. 

Hydraulic conductivities ranged from 14 to 91 feet/day and transmissivities range from 820 to 

26,000 feet*/day. The hydraulic conductivity results at Site 54 are comparable to the results at 

other sites throughout MCB Camp Lejeune. 

For the surficial aquifer, calculated groundwater flow velocities varied by one order of 

magnitude, ranging from 0.16 to 1 .Ol feet/day. The higher velocity at monitoring well 54-GW06 

(Figure 1-9) is attributable to relatively high hydraulic conductivity of the tine to coarse sands 

observed at this well. 

For the Castle Hayne aquifer, calculated groundwater flow velocities varied by nearly lone order 

of magnitude, ranging from 0.46 feet/day to 1.25 feet/day. The higher velocity at monitoring well 

54-GW08 is attributable to relatively high hydraulic conductivity of the fine to medilum sands 

observed at this well. 

Groundwater in the surficial aquifer at Site 54 flows toward a tributary west of the sit’e with an 

average velocity of 0.45 feet/day. Groundwater flow in the upper Castle Hayne aquifer is also 

west toward the tributary with an average velocity of 0.86 feet/day. The unnamed tributary west 

of the site represents a groundwater flow boundary at Site 54. It is evident that groundwater 

discharges to the tributary based groundwater flow direction and on the elevation of the creek 

relative to groundwater elevations. 
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1.3 Previous Investigations 

1.3.1 Site 36 

Previous investigations conducted at Site 36 include an Initial Assessment Study (IAS), a 

Confirmation Study, a Remedial Investigation (RI) Scoping Investigation, an Aerial Photographic 

Investigation, and a Remedial Investigation / Feasibility Study (RUFS), a Time Critical Removal 

Action (TCRA), and a Temporary Well Investigation. Post-RI groundwater monitoring is 

ongoing at the site. The following paragraphs briefly discuss these investigations. 

Initial Assessment Study 

An IAS was conducted at Site 36 in 1983. The IAS evaluated the potential hazards at various 

sites throughout the Base, including Site 36. The IAS was based on historical records, aerial 

photographs, inspections, and personnel interviews; sampling was not conducted of any media. 

Due to the indication that hazardous substances were disposed at Site 36, a Confirmation Study 

was recommended. 

Confirmation Study 

A two-part Confirmation Study was conducted at Site 36 from 1984 through 1987. The study 

consisted of a Verification Step performed in 1984 and a Confirmation Step performed. in 1986 

and 1987. Field activities included groundwater, surface water, and sediment investigations. 

Based on the results of the Confirmation Study, it was recommended that further characterization 

of shallow and deep groundwater be implemented due to low levels of volatile organic 

compounds (VOCs) and metals. Supplemental surface water and sediment investigations were 

also suggested to determine possible upstream sources of contamination. In addition, a thorough 

characterization of unsaturated soils within the identified disposal area was recommended to 

assess soil quality. Following the characterization of potentially impacted environmental media, 

a risk assessment was recommended to evaluate potential risks to human health and the 

environment. 

l-17 



RI Scoping Investigation 

A RI Scoping Investigation was conducted in 1994 at Site 36. Following the identification of 1 1 

abandoned containers (5-gallon containers and 55-gallon drums) during the March 19’94 initial 

site survey, a limited drum and soil sampling program was proposed to address potentially 

impacted media. The objective of the drum sampling program was to collect representative 

samples from each of the containers and determine appropriate disposal actions. During the 

intervening months between the initial site survey and the drum investigation a majori.ty of the 

containers were removed from the study area. Accordingly, only four five-gallon containers were 

sampled during the investigation. These four containers were located near the south central 

portion of the study area. 

Based upon test kit results and field observations, the containerized substance was determined to 

be a non-reactive flammable liquid. One composite sample representing the contents of the four 

containers was submitted for analysis of toxicity characteristic leachate procedure (TCLP) 

contaminants and hazardous waste characteristics (i.e., corrosivity, reactivity, and ignitability). 

Results of these analyses and visual inspections indicated that the material was a weathered paint 

product. 

Aerial Photographic Investigation 

Surface conditions at Site 36 were examined via black-and-white aerial photographs taken in 

1949, 1956, 1960, 1964, and 1970. Visual data from these photographs was used to evaluate 

previous site operations and to identify potential source areas of contamination. Additional 

photographs from 1938 and 1943 were used to establish a basis of comparison, as they depicted 

the area prior to development of the Camp Lejeune Military Reservation. 

Remedial Investigations 

From February through July 1995, an RI was conducted at Site 36. The RI consisted of a soil 

investigation, groundwater investigation, surface water and sediment investigation, an aquatic 

investigation, and a habitat evaluation. Section 1.4.1 summarizes the results of the RI for Site 36. 

Section 1.5.1 summarizes the risk assessment completed for Site 36 during the RI. In June of 

1997, a Post-RI field investigation was conducted to define the limits of VOCs detected in 

groundwater. 
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Feasibility Study 

The preferred remedial action for Site 36, as introduced in the 1998 Feasibility Study (FS), was 

based on the nature and extent of contamination and the potential risks to human health or the 

environment. Monitored natural attenuation (MNA) was selected as the preferred remedial action 

for Site 36 to address the VOCs detected in the surficial aquifer at concentrations exceeding 

Federal and State water quality standards. These VOCs include trichloroethene (TCE) and 

tetrachloroethene (PCE). In addition, the preferred alternative for Site 36 included surface water 

monitoring, annual fate and transport modeling, and aquifer use controls. The annual fate and 

transport modeling would provide additional evidence that natural attenuation (NA) is occurring, 

while the aquifer use controls would prohibit use of the aquifers within 1,000 feet of the 

estimated groundwater plume (except for monitoring purposes). 

Time Critical Removal Action 

A TCRA was performed at Site 36 in 1997 based on the results of the 1995 Final RI. Results of 

the RI found that the surface soil may have presented an imminent threat to human health and the 

environment. The TCRA included excavation of the polychlorinated biphenyll (PCB) 

contaminated soil and disposal of the soil in an appropriate treatment /disposal facility. In July 

1997, the TCRA was performed by the RAC to remove approximately 92 tons of regulated PCB- 

contaminated soil and approximately 148 tons of non-regulated PCB-contaminated soils from 

Site 36. Field activities commenced on August 25, 1997 and were completed on September 24, 

1997. 

Upon completion of excavation activities, confirmation sampling was performed and revealed 

that soils remaining on site exhibited concentrations of PCBs below the action levels specified in 

the work plans (10 milligrams per kilogram [mg/kg]) for PCBs. Site restoration inclluded the 

placement of clean backfill from an off-site borrow pit, the replacement of gravel on the gravel 

road, and revegetation. 
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Groundwater Monitoring Program 

The groundwater monitoring program at Site 36 began in October 1998 with quarterly collection 

of both groundwater and surface water samples. The most recent sampling initiative at Site 36 

was conducted in April 2002. Groundwater monitoring was implemented at this site to determine 

if NA could be a viable remedial alternative for this site. Table l-l shows groundwater 

detections at Site 36 since monitoring began in 1998 and the applicable NCWQS. TCE exceeds 

the NCWQS of 2.8 micrograms per liter @g/L) in 6 of 11 monitoring wells, with the highest 

detection being 54 pg/L, based on the April 2002 data. In addition, 1,1,2,2-tetrachloroethane also 

exceeded the NCWQS of 0.17 J.&L in 2 monitoring wells, with the highest detection being 

34 J pg/L, based on the April 2002 data. 

Temporary Well Investigation 

Three temporary well clusters were installed across Brinson Creek from Site 36, for the purpose 

of determining if contamination related to Site 36 had migrated under Brinson Creek and for 

identifying groundwater flow patterns in the vicinity of Brinson Creek. The three well clusters 

were installed and sampled between June 12 and 14, 2000. The results support the conclusion 

that groundwater contamination from Site 36 has not migrated across Brinson Creek. 

1.3.2 Site 43 

Previous investigations conducted at Site 43 include an IAS, a Site Inspection (SI), an a’dditional 

groundwater investigation, an RI, and a TCRA. The following paragraphs briefly describe these 

investigations. 

Initial Assessment Study 

In 1983, an IAS was conducted at MCB, Camp Lejeune and MCAS, New River. ‘The IAS 

evaluated the potential hazardous at various sites throughout the facilities, including Site 43. The 

evaluation included a review of historical records, aerial photographs, inspections, and personnel 

interviews. Sampling was not conducted of environmental media. The IAS concluded that waste 

quantities at Site 43, regardless of their nature, were minor; therefore, a Confirmation Sltudy was 

not recommended for the site. 
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Site Inspection 

In 1991, an SI was conducted at Site 43. The Sl consisted of the following field activities: the 

installation and sampling of three monitoring wells (43-GWOl, 43-GW02, and 43-GW03); the 

collection of two soil samples from each monitoring well test boring (one near the surface and 

one just above the water table); the collection of two soil samples from five additional soil 

borings; and the collection of five surface water and five sediment samples from the adjacent 

creeks and marsh. Contaminants detected during the SI included polynuclear aromatic 

hydrocarbons (PAHs) in surface soil, carbon disulfide and inorganics in groundwater, benzoic 

acid and inorganics in surface water, and PAHs and pesticides in sediment. Based on the findings 

of the SI, an RVFS, including a human health and ecological risk assessment (RA), was 

recommended to further evaluate the nature and extent of soil, sediment, surface water, and 

groundwater contamination. Also, further characterization of upgradient groundw,ater and 

background soil, surface water, and sediment sampling was recommended. 

_I --“--. Additional Groundwater Investigation 

In 1994, an additional groundwater investigation was performed prior to conducting the RI to 

determine if vandalism of the wells had impacted groundwater or the wells themselves. The 

additional investigation at Site 43 included groundwater sampling of the three existing monitoring 

wells (43-GWOl, 43-GW02, 43-GW03). Results from the additional groundwater investigation 

indicated that vandalism had not impacted the usability of the existing monitoring wells at 

Site 43. Therefore, the wells could be employed during future groundwater sampling 

investigations. However, it was recommended that the site be secured to prevent future 

vandalism. 

Remedial Investigation 

From February through May 1995, an RI was conducted at Site 43. The RI consisted of the 

following field activities: a soil investigation, which included drilling and sampling; a 

groundwater investigation, which included monitoring well installation, groundwater sampling, 

and aquifer testing; a surface water and sediment investigation; a habitat evaluation; and a 

bioassay. 
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Based on the RI results and the human health and ecological RAs conducted during the RI, 

conditions at Site 43 did not pose a risk to human health and the environment. As a result, the 

only remedial action identified for Site 43 was the “no action” alternative. Section 1.4.2 

summarizes the results of the RI for Site 43, and Section 1.5.2 summarizes the RA completed 

during the RI. 

Time Critical Removal Action 

During 1995, a TCRA was performed at Site 43 by the RAC to remove surficial metallic debris 

found on site during the SI. Project activities involved the removal of all surficial metallic debris, 

including empty drums, various scrap metals and an old tank vehicle. Additionally, the RAC 

collected, sampled and shipped off-site four drums (1,400 Ibs.) of hazardous materials for 

disposal. Site restoration included regrading the site due to the removal of the old tank vehicle 

and other debris. 

1.3.3 Site 44 

Previous investigations conducted at Site 44 include an IAS, SI and RI. The following 

paragraphs briefly describe these investigations. 

Initial Assessment Study 

An IAS was conducted at MCB, Camp Lejeune and MCAS, New River in 1983. The IAS 

evaluated the potential hazards at various sites throughout the facility, including Site 44. The 

evaluation included a review of historical records, aerial photographs, inspections, and personnel 

interviews. Sampling of environmental media was not conducted. The IAS report concluded 

that, due to the negligible quantity of inert material reportedly disposed at Site 44, further 

investigations were not warranted. After further consideration at a later date, Site 44 was 

recommended for a SI because the Base housing area is located adjacent to the site. 
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Site Inspection 

In 1991, an SI was conducted at Site 44. The SI consisted of the following field activities: the 

installation and sampling of three monitoring wells (44~GWOl, 44-GW02, and 44-GW03); the 

collection of two soil samples from each monitoring well test boring (one near the surface and 

one just above the water table); the collection of two soil samples from six additional soil borings; 

and the collection of two surface water and sediment samples from Edwards Creek. 

Contaminants detected during the SI included PAHs, pesticides, and inorganics in soil; VOCs, 

PAHs, and inorganics in groundwater; VOCs and inorganics in surface water; and pestiicides and 

inorganics in sediment. Based on the findings of the SI, an RI/F& including a human health and 

ecological RA, was recommended to further evaluate the nature and extent of soil, sediment, 

surface water, and groundwater contamination. Further characterization of upgradient 

groundwater and background soil, surface water, and sediment sampling was also recommended. 

Remedial Investigation 

From February through May 1995, an RI was conducted at Site 44. The RI consisted of the 

following field activities: a soil investigation, a groundwater investigation, a surface water and 

sediment investigation, a habitat evaluation and a bioassay. Results from the RI are sulmmarized 

in Section 1.4.3. Results of the RA are summarized in Section I .5.3. 

Based on the human health and ecological RAs conducted during the RI, only inorganics in 

groundwater posed a risk to human health and the environment. These inorganics are naturally 

occurring and therefore, the only remedial action identified for Site 44 was the “no action” 

alternative. 

1.3.4 Site 54 

Previous investigations conducted at Site 54 include an IAS, a Confirmation Study, and an RI. 

The following paragraphs briefly describe these investigations. 
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Initial Assessment Studv 

In 1983, an IAS was conducted to evaluate the potential hazards at Site 54. The IAS was based 

upon a review of historical records, aerial photographs, inspections and personnel interviews. No 

sampling of environmental media was conducted. Based on the results of the IAS, a 

Confirmation Study was recommended for Site 54. 

Confirmation Study 

A two-part Confirmation Study was conducted at Site 54 from 1984 through 1987. The study 

included a Verification Step, performed in 1984, and a Confirmation Step performed in 1986 and 

1987. The Confirmation Study focused on the presence of potential contaminants in soil, 

groundwater, surface water, and sediment. Low levels of petroleum contamination in soil, 

groundwater, and sediment were identified. Oil and grease were the most prevalent contaminant 

group encountered during both rounds of the groundwater investigation.. Concentrations of 

inorganics in groundwater generally decreased from one sampling event to the next (1984 to 

1986). Analytical results from groundwater, surface water and sediment samples indicated that 

the actual disposal area may extend further to the west than was first estimated. 

The Confirmation Study recommended that further characterization of environmental media be 

implemented to complete the RUFS process. However, due to the low toxicity of suspected 

contaminants, the Confirmation Study suggested that the scope of further investigations be 

limited. Rather than expending considerable resources to accurately define the volumes of 

contaminated media, a RA to determine possible risks to human health and the environment was 

recommended. 

Remedial Investigations 

An RI was conducted at Site 54 from February through May 1995. The RI consisted of the 

following field activities: a soil investigation, a groundwater investigation, and ;a habitat 

evaluation. In June of 1997, a Post-RI field investigation was conducted to define the limits of 

the VOCs and semi-volatile organic compounds (SVOCs) detected in the groundwater. Section 

1.4.4 summarizes the findings of the RI. Section 1.5.4 summarizes the risk assessment completed 

during the RI. 
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Feasibilitv Studv 

The preferred remedial action, as originally introduced in the FS in 1998, was based on -the nature 

and extent of contamination and the potential risks to human health or the environment. 

Monitored Natural Attenuation with Institutional and Engineering Controls was selected as the 

preferred remedial actions for Site 54 to address the benzene and naphthalene detected in the 

surficial aquifer at concentrations exceeding Federal and State standards. Based on the locations 

of the maximum detected concentrations of VOCs/SVOCs, it appears that the contaminated area 

of concern may have resulted from unintentional spillage of fuels during fuel transfer and the fire 

training exercises. 

The preferred alternative for Site 54 included groundwater monitoring of VOCs and SVOCs with 

monitored natural attenuation. In addition, the preferred alternative was intended to prevent 

future potential exposure to contaminated groundwater through the incorporation of aquifer use 

controls, while the operational and engineering controls were expected to eliminate the potential 

for future groundwater contamination related to future fire training exercises. The aquifer use 

controls would prohibit use (except for monitoring purposes) of the aquifers within 1,000 feet of 

the estimated groundwater plume. Institutional controls also included recordation of a “Notice” at 

the Onslow County courthouse. The 1995 RI for Site 54 recommended completion of the 

operational and engineering control design requirements, including conversion of the existing 

burn pit to a new fully lined facility where clean fuels would be used as an accelerant. The RI 

also stated that contaminated soils discovered during the installation of this new pit are to be 

removed and disposed. This action was completed as proposed in April 2001. 

Installation of New Fire Training Facilitv and Soil Removal Action 

In April 2001, the RAC completed construction and remedial activities at Site 54. The UST was 

removed and contaminated soils and construction debris were excavated from the former burn pit. 

The soil excavation for Site 54 was roughly oval in shape with a length of 128 feet and al width of 

96.5 feet. The excavation extended 9 feet below grade to the surface of groundwater (OHM 

2001). Following the excavation, eight confirmatory samples were taken for PAHs, and no 

contaminants remained on site above cleanup goals (North Carolina Soil-to-Groundwater 

standards). Restoration activities included construction of a new concrete fire training area and 

installation of two propane tanks. 
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Groundwater Monitoring Program 

The groundwater monitoring program at Site 54 began in July 1998 with quarterly collection of 

groundwater samples. The Long-Term Monitoring (LTM) program at Site 54 completed its 14th 

sampling event in April 2002. Groundwater monitoring was implemented at this site SID that NA 

processes could be evaluated to determine the effectiveness of NA, and to assess if NA could be a 

viable remedial alternative for the site. 

1.4 Nature and Extent of Contamination 

1.4.1 Site 36 

Remedial Investigation 

Figure l-6 identifies the soil, surface water/sediment, and groundwater sampling locations 

associated with the RI, while Table 1-2 summarizes the analytical results. VOCs, SVOCs, 

pesticides, PCBs, and inorganics were detected in surface and subsurface soil samples, however, 

the highest levels of these compounds occurred in the surface soils. VOCs and SVOCs appeared 

to be the compounds most directly linked to past disposal practices. A majority of the SVOCs 

were polynuclear aromatic hydrocarbon (PAH) compounds. PAHs, pesticides and inorganics 

were compared against USEPA Region IX Preliminary Remediation Goals (PRGs) for this FS. 

Contaminants of concern were retained only when they exceeded the PRG. 

Groundwater contamination was detected in the northern and western portions of the study area. 

The presence of VOCs was limited to the shallow aquifer in the northern portion of the study 

area. TCE was detected in four monitoring wells at concentrations exceeding the State standard 

of 2.8 pg/L with a maximum TCE detection of 97 pg/L, from monitoring well 36-GWlOIW. 

Inorganics were the most prevalent and widely distributed constituents detected in both shallow 

and deep groundwater. Iron and manganese were the most prevalent inorganic analytes. 

Ten inorganics were detected in the surface water of Brinson Creek. None of these detections, 

however, exceeded either State or Federal standards for the protection of surface water. In the 

unnamed tributary, 1,2-dichloroethene (1,2-DCE) was detected at a concentration of 7 pg/L in a 

sample collected adjacent to the southwestern portion of the study area near an unimproved 
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vehicle access road. This detection does not exceed screening criteria. In addition to the 

detection of l,2-DCE, 14 inorganics were detected in the surface water of the umlamed. tributary. 

Copper, iron, and nickel were the only inorganics detected at concentrations in excess of either 

State screening values or the National Oceanic and Atmospheric Administration (NOAA) chronic 

screening values. 

SVOCs, pesticides, and inorganics were detected in the sediment of Brinson Creek. The SVOCs 

diethylphthalate and di-n-butylphthalate were each detected once among the six sediment 

samples, at concentrations of 2,135 and 2 18 micrograms per kilogram (@kg). In the sediment of 

the unnamed tributary, VOCs, SVOCs, pesticides, and inorganics were detected. PCE was 

detected at a concentration of 4 ug/kg within a sample collected approximately IO0 feet upstream 

of Brinson Creek. Three SVOCs (diethylphthalate, anthracene, and pyrene) were detected, but at 

concentrations that do not exceed applicable NOAA screening values. lnorganics were also 

positively detected. 

Post-RI Field Investigation Results 

Two additional groundwater monitoring wells were installed at Site 36 in June, 1997. These two 

monitoring wells, IR36-GW16IW and IR36-GW17, were sampled on July 2,1997 and analyzed 

for Target Compound List (TCL) volatiles. 

Results of the Post-RI groundwater samples indicated low levels of TCE (6 J ug/L) and 1,ZDCE 

(5 J pg/L) within newly installed monitoring well IR36-GW16lW. Based on this well’s location 

and the detected concentrations with respect to the extent of the groundwater plume estimated 

during the RI, the results of the Post-RI field investigation are consistent with the original RI 

findings. 

Analytical results from monitoring well IR36-GW17 indicated non-detections of TCL volatile 

organics. These results further supported the conclusion that the VOCs identified in the northern 

portion of Site 36 are not the result of an off-site (upgradient) source. 
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Temporary Well Investigation Results 

Six temporary monitoring wells were installed northeast of Site 36 across Brinson Creek on 

private property. TCE, the primary contaminant detected at Site 36, was not detected in any of 

the groundwater samples collected. Accordingly, the results support the conclusion that 

groundwater contamination detected at Site 36 has not migrated under Brinson Creek. 

It appears that Brinson Creek is preventing contaminants detected at Site 36 from migrating 

downgradient and off site. The creek is a horizontal groundwater flow hydraulic barrier as 

evidenced by groundwater flow patterns. The groundwater elevation data were used to generate 

potentiometric surface maps and determine groundwater flow direction. Shallow groandwater 

flow (the surficial aquifer) in the study area is southwest, toward Brinson Creek. Intermediate 

groundwater flow (the upper portion of the Castle Hayne aquifer) in the study area is south, also 

toward Brinson Creek. This is based on static water levels measured in the temporary wells, 

converted to elevations from the survey data, and plotted on maps. Groundwater flow patterns 

observed at Site 36 during the RI reflect similar trends from this investigation. As sho,wn in the 

Final RI Report for Operable Unit No. 6, (Site 36, August 22, I996), shallow groundwater flow is 

northeast, toward Brinson Creek. Intermediate groundwater flow is east-northeast, also toward 

Brinson Creek with a component toward the New River. The RI investigation evidence also 

suggested that this pattern changed little with the seasons. 

Groundwater Monitoring Program 

The groundwater monitoring program at Site 36 began in October 1998 with quarterly collection 

of both groundwater and surface water samples. The most recent sampling initiative at Site 36 

was conducted in April, 2002. Table 1-l shows groundwater detections at Site 36 since 

monitoring began in 1998. TCE exceeds the NCWQS of 2.8 pg/L in 6 of 11 monitoring wells, 

with the highest detection being 54 pg/L, based on April 2002 data. In addition, 1,1,2,2- 

tetrachloroethane also exceeded the NCWQS interim standard of 0.17 pg/L in 2 wells during the 

April 2002 sampling event. The highest detection of 1,1,2,2-tetrachloroethane was 34 J I@L. 
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1.4.2 Site 43 

Figure l-7 identifies the sampling locations associated with the previous field investigations, 

while Table l-3 summarizes RI analytical results for Site 43. SVOCs, pesticides, and i:norganics 

were detected in surface and subsurface soil samples. The presence and dispersion of SVOCs in 

soil, particularly PAH compounds, are most likely the result of past disposal operations at Site 43. 

SVOCs were identified in both surface and subsurface soil samples obtained from the cleared 

portion of the study area, adjacent to the gravel access road. Concentrations of SVOCs were 

more prevalent and detected at higher concentrations in surface samples, compared to SVOC 

concentrations in subsurface samples. In general, soil analytical results correspond directly to the 

visual identification of fill or graded material (including possible wastewater treatment plant 

sludge material) observed during the field investigation. 

In groundwater, inorganics (particularly iron and manganese) were the most prevalent and widely 

distributed constituents detected. Inorganic concentrations were generally higher in groundwater 

samples collected from the surficial aquifer, as opposed to samples obtained from the deeper 

aquifer. In addition, 4-methylphenol was detected at a concentration of 2 pg/L in a sample 

obtained from temporary monitoring well 43-TW04, located in the northern portion of Site 43 

near the confluence of Edwards and Strawhom Creeks. However, this is less than the NCWQS 

Interim Standard of 3.5 l&L. No other organic compounds were detected among groundwater 

samples at Site 43. 

In surface water, VOCs, pesticides, and metals were detected. VOCs, SVOCs, pesticides, and 

metals were detected in sediment. These detections were determined to have originatecl from an 

upgradient source (e.g. Site 89), were naturally occurring (e.g. metals) or were from Base-wide 

applications of pesticides. 

1.4.3 Site 44 

Figure l-8 identifies the surface and subsurface soil sampling locations and the groundwater 

sampling locations associated with the RI. In addition, Table l-4 summarizes the analytical 

results from the RI. Positive detections of VOCs were limited to samples obtained from the 

surficial aquifer. No VOCs were detected in samples obtained from the deep aquifer, suggesting 

that these contaminants have not migrated from the surficial aquifer. 
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PCE was detected at an estimated concentration of 1 ug/L in the groundwater sample obtained 

from existing monitoring well 44-GW03. This concentration represents an exceedence of the 

State standard of 0.7 ug/L. No other VOCs were detected at this location; however, six SVOCs 

were detected. PCE was not detected in downgradient wells, indicating a very localized extent of 

contamination. Moreover, the relatively low VOC concentration suggests that its presence may 

be the result of unintentional spillage or limited disposal rather than from long-term disposal or 

buried containers. 

Vinyl chloride, 1,2-DCE (total), and TCE were detected at concentrations of 10, 15, and 1 ug/L, 

respectively, in the sample obtained from temporary well 44-TWO 1. None of these VOCs were 

detected in any of the other Site 44 monitoring wells; however, the same contaminants were 

detected in a majority of surface water samples from nearby Edwards Creek. Temporary well 44- 

TWO1 was installed in a low lying area, within 50 feet of Edwards Creek. During periods of 

seasonal flooding, the same VOCs detected among surface water samples most probably migrated 

from surface water to groundwater in areas immediately adjacent to Edwards Creek. 

The following VOCs were detected at least once among the 13 surface water samples obtained 

from Edwards Creek (the maximum concentration of each VOC is provided): 

Vinyl chloride 38 Pg/L 

I, 1 -Dichloroethene 2 Pg/L 

1,2-Dichloroethene (total) 150 /.lg/L 

Trichloroethene 66 Pie 

1,1,2-Trichloroethane 1 M/L 

1,1,2,2-Tetrachloroethane 42 PAL 

TCE, 1,2-DCE (total), and 1,1,2,2-tetrachloroethane were detected in at least 12 of the 13 surface 

water samples obtained from Edwards Creek. Vinyl chloride and 1,1-DCE were detected eight 

and three times, respectively. Lastly, 1,1,2-trichloroethane was detected in only one surface 

water sample. 

Maximum VOC concentrations were detected in samples obtained from portions of Edwards 

Creek that are upgradient of Site 44. Results from both the initial and supplemental sampling 

events illustrate a reduction in total VOC concentrations from upgradient to downgradient 
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sampling stations along Edwards Creek. Volatile analytical results from the September 1995 

sampling event were generally lower than results from the initial sampling event conducted in 

May 1995. The same trend of relatively higher upgradient and lower downgradient VOC 

concentrations is evident. 

During the September 1995 sampling event, an additional four sampling stations were added to 

the Edwards Creek surface water investigation. The additional sampling stations were placed 

several hundred feet upstream of Site 44, beyond the initial sampling stations. The analytical data 

from Edwards Creek suggests that a possible VOC source lies somewhere in the southeastern 

portion of Camp Geiger. Based on sampling of groundwater and soil conducted upstream of Site 

44 adjacent to Edwards Creek during 1999 and 2000, the source of VOC contamination in 

Edwards Creek is originating from soil and groundwater at Site 89. A TCRA was completed in 

2000 at Site 89 to remediate the contaminated soil. Site 89 soil was treated by thermal desorption 

and replaced on site. Groundwater at Site 89 is scheduled to be remediated, which wiill further 

reduce the source of contamination to Edwards Creek. In the meantime, an aeration pond has 

been constructed in Edwards Creek between Sites 89 and 44. The aeration pond should reduce 

VOC concentrations in surface water, which will reduce the impact of VOCs to downstream 

portions of the creek. 

1.4.4 Site 54 

Remedial Investigation 

Figure 1-9 identifies the surface and subsurface soil sampling locations, and groundwater 

sampling locations associated with the RI. In addition, Table l-5 summarizes analytical results 

from the RI for Site 54. SVOCs were identified in both surface and subsurface soil samples 

collected from the southern and southwestern portions of the study area. The majority of SVOCs 

detected in soil samples were PAH compounds. Only one SVOC (2-methylnaphthalene) and one 

VOC (acetone) were detected in the subsurface soil at concentrations exceeding 1,000 @kg. 

The detections of 2-methylnaphthalene or acetone, however, do not exceed the USEPA Region 

IX PRG of 1,600,OOO pg/L for both compounds. In addition, inorganics were detected in both 

surface and subsurface soil samples at concentrations exceeding the Base-specific background 

levels. 
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In groundwater, inorganics were the most prevalent and widely distributed contaminants. Iron 

and manganese were the most prevalent inorganics, detected at concentrations exceedling State 

standards within nine groundwater samples each. Lead was detected in an upgradient well at a 

concentration of 39.7 l-&L, which was the only lead detection to exceed the NCWQS of 15 pg/L. 

No other inorganics were detected above applicable screening standards. Positive detections of 

organic compounds in groundwater were limited to portions of the study area imtnediately 

adjacent to the burn pit or UST and extending southwest of the burn pit. The presence of volatile 

and semivolatile compounds in samples obtained from this portion of the study area is consistent 

with current site operations. Six positive detections of benzene and five positive detections of 

naphthalene exceeded the State standards of 1 and 2 I pg/L, respectively. 

Post-RI Field Investigation 

Three additional groundwater monitoring wells were installed at Site 54 in June, 1997. These 

three monitoring wells, IR54-GW 1 I, IR54-GW12, and IR54-GW 13, were sampled on July I, 

1997 and analyzed for TCL volatiles. 

Results of the Post-RI groundwater samples collected from monitoring wells IR54-GWI 1 and 

IR54-GW13 indicated no VOC concentrations above detection limits. These two wells are 

located downgradient, but within a few hundred feet, of the initial VOC detections. One low 

concentration of benzene (4 pg/L) was detected in newly installed monitoring well IR54-GW12. 

This monitoring well is located just northwest of the UST location. Based on this well’s location 

and the detected benzene concentration, the results of the Post-RI field investigation for Site 54 

are consistent with the RI findings related to the extent of groundwater contamination. These 

results support the conclusion that the surficial groundwater plume identified in the vicinity of the 

burn pit and the UST have not migrated far from the assumed source locations. 

Groundwater Monitoring Program 

Groundwater monitoring began at Site 54 in July of 1998. Table I-6 shows recent NCWQS 

exceedences from the monitoring program. There have been no detections of VOCs exceeding 

the NCWQS standards in the past I1 quarters of Post-RI Monitoring. Only one SVOC, bis[2- 

ethylhexyllphthalate, was detected at levels above the NCWQS of 3 pg/L in the 3 sampling 

rounds (July 2000, October 2000, January 2001) prior to the removal action. In the October 2001 

sampling event, three SVOCs were detected in monitoring well 54-GWI I at levells above 

l-32 



NCWQS. It is suspected that these detections are the result of site construction activities that 

impacted the integrity of the well. A Geoprobe sample collected adjacent to this well in 

January 2002 verified that the SVOCs detected in October 2001 were not present in the 

groundwater. 

1.5 Risk Assessment Summary 

This section provides a summary of the human health and ecological RAs completed dluring the 

RI for OU No. 6. Further information regarding the risk assessments can be referenced in the RI 

reports for each site. 

1.5.1 Site 36 

Human Health Risk Assessment 

Military personnel, recreational fisherman, recreational users of the site surface water, trespassers 

and construction workers were all assessed as potential current receptors. Potential risks from 

surface soil, surface water, sediment, fish tissue and crab tissue were within acceptable risk levels 

for all receptors except the current fisherman. For the current fisherman, lthe total 

noncarcinogenic risk (9.1) and total carcinogenic risk (I x IOm3) were greater than acceptable 

noncarcinogenic and carcinogenic risk levels of one and I x 10e4, respectively. This risk was 

mainly due to levels of arsenic and mercury found in fish tissue and levels of arsenic and lead 

found in crab tissue. Although a potential risk resulted, data indicate that the source generating 

the risk was not from Site 36. 

Future potential child and adult residents were assessed for possible exposure to groundwater, 

surface soil, subsurface soil, surface water and sediment. A future construction worker was 

evaluated for surface and subsurface soil exposure. Potential noncarcinogenic risks were 

calculated for the child resident from groundwater (5.2) and subsurface soil (2.3) exposure. A 

noncarcinogenic risk (2.2) was calculated for the adult resident from groundwater. The iron in 

groundwater and surface soil contributed to these risks. However, iron is considered to be 

naturally occurring at MCB, Camp Lejeune and it is an essential nutrient. In fact, if iron were 

removed from the evaluation, risk from exposure to subsurface soil for the future child receptor 

would decrease from 2.2 to 0.9, within the acceptable risk range. As a result, the potential human 

health risk from exposure to iron in groundwater and surface soil is a conservative estimate. 
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Ecological Risk Assessment 

Based upon the assessment of ecological risks, there is a slight potential for metals in the surface 

water and sediment, and a moderate potential for pesticides (4,4’-DDD and 4,4’-DDT) and 

diethylphthalate in the sediment, to decrease the population of aquatic life at the freshwater 

stations. There is a slight potential for metals in the surface water (copper, nickel) and sediment, 

and a moderate potential for lead, pesticides (4,4’-DDD and 4,4’-DDE) and diethylphthalate in 

the sediment, to decrease the population of aquatic life at the saltwater stations. The benthic 

macroinvertebrates do not appear to be impacted based upon the results of the sampling events. 

A comparison of chronic daily intake (CDI) versus terrestrial reference values (TRV) was 

performed for Site 36. The CD1 exceeded the TRV for all five terrestrial species evaluate, but the 

risks were higher for the cottontail rabbit and the raccoon. Aldrin, dieldrin, 4,4’-DDD and 4,4’- 

DDE were the only pesticides detected in the whole body fish tissue samples at concentrations 

above the proposed piscivorous wildlife criteria. None of the pesticides generated a risk to the 

raccoon ingesting the fish. Lead in fish and crab tissue also did not pose a risk to the raccoon 

ingesting the tissue. Cadmium was the only metal detected in the whole-body tissue samples 

above wildlife dietary levels that posed a risk to the raccoon. However, cadmium does not appear 

to be site-related. 

Some potential impacts to soil invertebrates and plants may occur as a result of potential exposure 

to site contaminants. There is also a slight potential for a decrease in the terrestrial vertebrate 

population from exposure to site contaminants based on the terrestrial intake model. 

1.52 Site 43 

Human Health Risk Assessment 

Current military personnel and adult and child trespassers were evaluated as potential receptors, 

and risk values were calculated for exposure to surface soil, surface water and sediment. There 

are no unacceptable risks for current receptors identified at Site 43. 
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Future child and adult residents were evaluated for exposure to groundwater, surface soil, surface 

water and sediment. Future construction workers were also evaluated for exposure to subsurface 

soil. There were no unacceptable carcinogenic risks identified for future receptors. However, 

noncarcinogenic risks were identified for groundwater ingestion for future child and adult 

residents. This is mostly the result of iron in groundwater at Site 43, which is considered to be a 

naturally occurring constituent throughout MCB, Camp Lejeune. 

Ecological Risk Assessment 

Pesticides in the surface water and sediment may potentially affect aquatic receptors. SVOCs in 

the sediment and inorganics in the surface water and sediment may also potentially affelct aquatic 

receptors. However, SVOCs and pesticides only slightly exceeded the screening values., and thus 

indicate only a slight potential for risk. Based on this information, the potential ecological risks 

to the aquatic ecosystem are minimal and do not warrant remedial action at Site 43. 

Based on a terrestrial intake model, quotient indices (QIs) were calculated to quantify potential 

ecological risks for terrestrial receptors. The QIs for bobwhite quail ( I .5), cottontail rabbit (I I .7) 

and raccoon (25.1) exceeded the acceptable QI of 1.0. Aluminum was the main contributor. 

Because the terrestrial intake model uses the conservative assumption that a raccoon will eat all 

of its fish from Site 43, the actual risk associated with aluminum is expected to be low. 

1.53 Site 44 

Human Health Risk Assessment 

Under the current exposure scenario, military personnel and adult and child trespassers were 

evaluated as potential receptors, and risk values were generated for exposure to surface soil, 

surface water and sediment. There are currently no unacceptable human health risks fcr current 

receptors associated with the environmental media at Site 44. 

Under a future risk scenario, child and adult residents were evaluated as potential receptors, and 

risk values were calculated for exposure to groundwater, surface soil, surface water and sediment. 

In addition, a construction worker receptor was evaluated for subsurface soil exposure. AI1 risk 

values under the future scenario were acceptable with the exception of those calculated for future 
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child and adult residents exposed to groundwater. The elevated risk in groundwater is primarily 

due to the presence of vinyl chloride in one temporary well. Due to the location of this well, the 

vinyl chloride is likely the result of contamination from Site 89, located upstream of Site 44, since 

VOCs were otherwise not detected in surface soil, subsurface soil or groundwater at Site 44. 

Noncarcinogenic risk in groundwater is due to iron, which is naturally occurring at MCB, Camp 

Lejeune. 

Ecological Risk Assessment 

Ecological risks to aquatic receptors associated with SVOCs and inorganics appeiars to be 

minimal. Concentrations of inorganics in surface water and sediment, and SVOCs in sediment 

only slightly exceeded screening values or were detected infrequently. 

Estimated CD1 values for the cottontail rabbit and raccoon exceeded the TRV values. However, 

these risks are associated primarily to aluminum, iron and vanadium, which are not related to past 

site practices. QIs were also calculated, and they exceeded 1 .O for the cottontail rabbit (8.54) and 

raccoon (12.1). Because the QIs only slightly exceeded 1.0, the potential risks to these receptors 

appears to be insignificant. 

1.5.4 Site 54 

Human Health Risk Assessment 

Potential current military personnel and trespassers were assessed for exposure to surface and 

subsurface soil, and were found to be within acceptable risk ranges. 

Future potential child and adult residents were assessed for potential exposure to groundwater and 

subsurface soil. Future construction workers were assessed for subsurface soil. There were no 

unacceptable risks associated with the construction worker. However, there was a 

noncarcinogenic risk for the future child resident and noncarcinogenic and carcinogenic risks 

calculated for a future adult receptor related to ingestion of groundwater. ‘The iron detected in 

groundwater was a primary contributor to these risks. iron is naturally occurring at MCB, Camp 

Lejeune. 
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Ecological Risk Assessm~ent 

There is a low potential for organic compounds and inorganic analytes to decrease the population 

of aquatic life within nearby freshwater bodies. Concentrations of analytes in groundwater were 

used to simulate surface water conditions during the ecological risk assessment. Based on that 

simulation, anthracene and nickel exceeded applicable Surface Water Screening Values (SWSVs) 

in one groundwater sample. Xylenes, naphthalene, barium and manganese were detected below 

the concentrations that are expected to cause a decrease in aquatic life. Due to low water 

hardness and dilution after discharging to the receiving water, lead is not expected decrease the 

aquatic population. 

Several organics (n-nitrosodiphenylamine, phenanthrene and pyrene) and inorganics (aluminum, 

chromium and vanadium) were detected at levels that exceed applicable surface soil screening 

values (SSSVs). As a result, some potential impacts to soil invertebrates and plants may occur. 

A comparison of CD1 values to the TRV exceeded for all five terrestrial species evaluated, with 

higher risk for the cottontail rabbit and raccoon. 

1.6 Conclusions of the Remedial InvestiPation and Post-RI Monitoring 

1.6.1 Site 36 

The following conclusions were derived from RI and Post-RI Monitoring conducted at Site 36: 

0 Metals are present in surface and subsurface soil predominantly in the central and eastern 

areas of the site (i.e., Open FieId and Former Disposal Area). These areas correspond to 

former buried material and fill locations at the site. Cadmium, lead and antimony 

exceeded USEPA Region IX Residential PRGs. 

B Lead was detected in 48 of 52 surface soil samples and 50 of 5 1 subsurface soil samples, 

with higher detections in subsurface soils than surface soils. The highest detection in the 

subsurface soils was 2,680 ppm, which exceeds the EPA directive of 400 ppm Three 

surface soil samples and eight subsurface soil samples were greater than the EPA 

directive of 400 ppm. 
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. VOCs in groundwater are primarily limited to the northern portion of the site. This area 

was not included in the original study area but was subsequently added to the study. After 

an examination of historical aerial photographs, an approximately 2-acre ground scar was 

noted in this northern area. The VOCs of concern identified in the RI were 1,2-DCE 

(total), TCE, 1,1,2,2-tetrachloroethane, and PCE. 

l The horizontal extent of VOCs in groundwater appears to be limited to the northern 

portion of the study area. This area has not been fully evaluated along its southern 

boundary although several wells downgradient from the affected area did not indicate the 

presence of VOCs. 

a VOC occurrence in groundwater is limited to the surficial aquifer. VOCs are present in 

the lower portion of the surficial aquifer but do not appear to have migrated into the 

underlying Castle Hayne aquifer. It is likely that the surficial aquifer is discharging into 

Brinson Creek based on the groundwater flow pattern at the site, although VOCs were 

not detected in surface water. 

V VOCs exceeding the NCWQSs in recent monitoring events are TCE, 1,1,2,2- 

tetrachloroethane and vinyl chloride. These VOCs exceeded the NCWQS in 6 of 11 

wells. 

V TCE had the highest concentration of detected VOCs, with a concentration of 54 pg/L in 

April 2001. This exceeds the NCWQS of 2.8 pg/L. 

a Iron, manganese, and mercury were detected in groundwater at concentrations above 

state drinking water levels. The maximum levels of these metals werle found 

predominantly in the Former Disposal and Open Field areas (i.e., buried and fill 

materials). Human health evaluations calculated from ingestion of iron in groundwater 

yielded a site risk. 

V Copper, iron, and nickel were found in surface water at concentrations greader than 

federal screening levels. Nickel, manganese, copper, lead, and iron exceeded ecological 

criteria. Human health risks calculated from exposure to surface water were within 

acceptable risk levels. 
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a Cadmium, lead, mercury, nickel, and zinc are present in sediment. Lead in sediment 

generated an ecological risk. Pesticides in sediment generated the most significant 

ecological risk. Human health risks calculated from exposure to sediment were within 

acceptable ranges. 

a Based upon results of the sampling, benthic macroinverterbrates do not appear to be 

impacted by site media. Currently, arsenic and mercury in fish tissue and arsenic and 

lead in crab tissue pose potential risk to human health. 

1.62 Site 43 

The following conclusions were derived from the RI conducted at Site 43: 

a SVOCs, predominantly PAHs, were detected in soil samples obtained at Site 43, The 

observed PAHs were almost exclusively detected in samples obtained from a cleared 

area along the site access road. The same samples are believed to contain grit material 

from the former sewage disposal facility that was located adjacent to Site 43. 

Groundwater samples collected from monitoring wells within the same area did not 

exhibit PAHs. These compounds were evaluated for potential human health risk in soil 

and did not indicate unacceptable risks. The PAHs in soil may generate a potential 

adverse risk to plant and soil invertebrate receptors. 

a Metals present in soil corresponded to areas with buried containers, fill, and graded soil. 

Metals in soil pose a slight ecological risk to terrestrial receptors. No unacceptable 

human health risks were calculated from exposure to metals in soil. 

V Iron and manganese were detected in 10 of 10 groundwater samples, with eight iron 

detections and two manganese detections at concentrations above state drinking water 

standards. Of these two constituents, only exposure to iron in groundwater generated 

unacceptable human health risks. As noted in the report, iron and manganese are very 

common constituents in all media at MCB, Camp Lejeune. Accordingly, their presence 

is not likely associated with disposal activities at the site. 
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a Exposure to pesticides in surface water and sediment posed a potential adverse ecological 

risk. The pesticides are attributed to routine applications which occurred throughout the 

Base and are not due to disposal at the site. The level of copper in surface water also 

indicated a slight potential risk to ecological receptors. 

1.6.3 Site 44 

The following conclusions were derived from the RI conducted at Site 44: 

a VOCs were detected throughout Edwards Creek. The highest levels of VOCs were 

detected in samples obtained from sampling stations located upgradient of Site 44. Based 

upon the distribution of positive detections, the source of VOCs does not appear to be 

originating from Site 44. Several potential sources have been identified upgradient of 

Site 44 (e.g., Site 89) and have been addressed with an aeration pond installed between 

Site 89 and Site 44. Other remedial options are being evaluated to address the <source of 

contamination at Site 89. 

a No unacceptable human health risks were calculated based on exposure to site surface 

water or sediment. Pesticides in sediment posed moderate ecological risks to aquatic 

receptors. Metals in site surface water were found at levels greater than criteria and may 

pose slight risks to aquatic receptors. Based upon soil screening values, metal 

concentrations in soil posed a potential risk to terrestrial receptors. 

V Iron was detected at levels exceeding the NCWQS in groundwater samples obtained 

throughout Site 44. Iron in groundwater posed a potential risk to human health at Site 44. 

As noted in this report, iron is a very common constituent in all media at MCB, Camp 

Lejeune. A Base background study is currently being performed, with results available in 

Summer 2002, in order to assess whether these inorganics are witbin Base background 

screening levels. 
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1.6.4 Site 54 

The following conclusions were derived from the RI and Post RI Monitoring conducted at 

Site 54: 

V Several VOCs and SVOCs were detected in groundwater at Site 54 during the RI. In 

general, positive detections of organic compounds were limited to portions of the study 

area immediately adjacent to the former bum pit or former UST and the area extending 

southwest from the bum pit. Waste fuels, oils, and solvents were reportedly used in the 

past as fuel to simulate fire conditions; currently, only JP-type fuels are used during 

training exercises. While fuel was being transferred from the on-site UST to the bum pit 

and during training exercises, it is likely that spills onto the ground surface occurred. 

Given the fact that the on-site UST had been successfully tested for tightness and the 

bum pit lined with asphalt, this scenario is most likely the cause of organic compounds in 

groundwater. Accordingly, operations at the former burn pit are the primary source of 

these compounds in groundwater. 

v A number of VOCs and SVOCs were also detected in soils obtained from Site 54. In 

general, the observed organic compounds in soil differed from those detected in 

groundwater. 

V Iron, manganese, and lead were found at elevated levels in groundwater at Site 54. Iron, 

lead, and arsenic in groundwater generated unacceptable risks to human receptors. 

Groundwater discharge to the site surface water is not expected to cause a significant 

decrease in the aquatic population. 

a Five of 13 groundwater samples had detections of lead, with one detection that e:xceeded 

the NCWQS of 15 pg/L. Elevated levels of lead in groundwater are likely the result of 

past site practices, and will be addressed in this FS. 

a No VOCs have been detected above NCWQS standards in the 11 most recent sampling 

quarters of the groundwater monitoring program. 
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2.0 REMEDIATION GOALS AND REMEDIAL ACTION OBJECTIVES 

This section presents a discussion of remediation goal options and remedial action objectives for 

OU No. 6. The remediation goal options and remedial action objectives are based on regulatory 

requirements, standards and guidance, as well as future land use considerations for OU No. 6. 

2.1 Land Use Considerations/Land Use Controls 

2.1.1 Site 36 

Site 36 encompasses nearly 20 acres and is comprised primarily of open fields and wooded areas 

with dense understory (Figure l-2). A gravel road bisects the site and provides access to Jack’s 

Point Recreation Area, located approximately one-quarter mile to the east. Parts of the site have 

been changed due to the construction related to the NCDOT Route 17 bypass project. Several of 

the gravel roads that ran through the site have been widened and the elevation raised, and will 

serve as the subgrade for the Route 17 bypass. The Route 17 bypass construction extends outside 

the boundaries of the Site 36 study area to the west of the site. 

Currently, the site is not used for military or Base operations and access is restricted. Access to 

the site is granted through the motorpool area at Camp Geiger by Base security. Future land use 

for the site has not been definitively determined, and possible future plans are varied. Therefore 

remedial alternatives will be developed that allow for both residential and industrial land uses. 

Land use controls may be implemented to manage future land use, to restrict site access, or to 

restrict certain types of activities at a site. Examples of land use controls include restrictions such 

as fencing, aquifer use restrictions, or deed restrictions that limit allowable land uses andl/or place 

restrictions on certain activities (e.g., excavation) at the site. Land use controls can be used to 

control all or parts of the site. Remedial alternatives that leave soil or groundwater on the site 

above the selected cleanup goal may include land use controls that either restrict access and/or 

restrict certain excavation/construction activities. 
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2.1.2 Site 43 

Site 43 is located at the northern terminus of Agan Street, adjacent to an abandoned w<aste water 

treatment plant (Figure l-3). An improved gravel loop road provides access to the main portion 

of the study area; other unimproved paths extend outward from this road. 

It is desired that Site 43 be remediated for future residential land uses. Therefore, land use 

controls may be considered only in conjunction with other remedial actions. 

2.1.3 Site 44 

Figure l-4 presents a site features map of Site 44. The site is partially surrounded by a six-foot 

chainlink fence constructed in 1995 to limit access/exposure to housing residents, and a portion of 

the site lies to the east of the fenced area. 

It is desired that Site 44 be remediated for future industrial land uses. Therefore, land use 

controls may be considered for this site. 

2.1.4 Site 54 

Figure l-5 presents a site features map for Site 54. The site is located near the southwest end of 

runway 5-23, within the operations area of MCAS, New River. An improved gravel road 

surrounds the area of the former burn pit, and the remainder of the site is comprised of a 

maintained lawn area. 

Site 54 has served as a tire training bum pit since the mid-1950s. Excess fuels, oils and solvents 

were used to simulate fire conditions that would result from aircraft crashes. In April 200 1, the 

RAC completed construction and remedial activities at Site 54. The UST was removed along 

with excavated contaminated soils and construction debris from the burn pit. Construction 

activities included a new concrete fire training area and two propane tanks. 

Because of current site operations, it is desired that Site 54 remain used for industrial purposes. 

Therefore, land use controls may be considered for this site. 
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2.2 Media of Concern/Contaminants of Concern 

2.2.1 Site 36 

Surface soil and subsurface soil are media of concern for Site 36. During the RI, sample results 

detected concentrations of VOCs, SVOCs, pesticides, PCBs and inorganics in soil at Site 36. 

Risk generated by soil was primarily due to iron in soil, and not other organic or inorganic 

constituents. Among the organic constituents, VOCs and SVOCs are most directly linked to past 

disposal practices. The majority of the SVOCs detected were PAH compounds. Because 

constituents related to historical use of the site were detected at levels greater than the USEPA 

Region IX PRGs in localized areas, surface soil and subsurface soil are retained as media of 

concern at this site and PAHs, pesticides and lead are contaminants of concern (COCs). 

Groundwater contamination was detected in the northern and western portions of the study area. 

Volatile compound detections were limited to the shallow aquifer in the northern portion of the 

study area. TCE exceeded state water quality standards in four wells during the RI. Inorganics 

were also present, and detections were widely scattered between the surficial and deeper aquifers. 

h-on and manganese were the most prevalent inorganics detected, however, they are naturally 

occurring in groundwater at the Base. Groundwater is retained as a media of concern and VOCs 

are potential COCs for groundwater at Site 36. 

Detected concentrations of soil and groundwater contaminants at Site 36 will be compared to the 

remediation goals to be developed in Section 2.4 to generate a list of final COCs for this FS. Any 

COC that does not exceed its applicable regulatory remediation goal will be eliminated from the 

list of COCs, thus eliminating it from consideration in this FS. Contaminants that exceed the 

remediation goals are retained as final COCs. The list of final COCs will become the basis for 

defining areas of concern and evaluating remedial action alternatives for this site. Although only 

iron in subsurface soil and groundwater generated a risk at Site 36, localized areas of 

contamination that exceed USEPA Region IX PRG standards related to past site practices are 

present. 
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2.2.2 Site 43 

SVOCs, pesticides and inorganics were detected in surface and subsurface soil samples at Site 43. 

The presence and dispersion of SVOCs in soil, particularly PAH compounds, are most likely the 

result of former disposal operations at Site 43. SVOCs were identified in both surface and 

subsurface soil samples obtained from the cleared portion of the study area, adjacent to the gravel 

access road. SVOC concentrations were much higher in surface soils then subsurface soils. Due 

to the detection of SVOCs in soils at Site 43, surface soil and subsurface soil are retained as 

media of concern for this FS. 

In groundwater, inorganics (particularly iron and manganese) were the most prevalent and widely 

distributed constituents detected. Inorganic concentrations were generally higher from samples 

taken from the surficial aquifer, as opposed to samples collected from the deeper aquiifer. The 

detected inorganics are naturally occurring and not related to past site practices. The :SVOC 4- 

methylphenol was detected at a concentration of 2 CL&/L from a temporary monitoring well. This 

does not exceed the NCWQS of 3.5 l&L. No other organic compounds were detected at the site. 

Accordingly, groundwater will not be retained as a media of concern at this site. 

Detected concentrations of soil contaminants at Site 43 will be compared to the remediation goals 

to be developed in Section 2.4 to generate a list of final COCs for this FS. Any COC that does 

not exceed its applicable regulatory remediation goal will be eliminated from the list of COCs, 

thus eliminating it from consideration in this FS. Contaminants that exceed the remediation goals 

are retained as final COCs. The list of final COCs will become the basis for defining areas of 

concern and evaluating remedial action alternatives for this site. Although only iron in 

groundwater generated a risk at Site 43, localized areas of contamination related to past site 

practices are present, at higher concentrations than the rest of the site. 

2.2.3 Site 44 

Soil sampling results from the RI show that inorganics are the most prevalent constituents and are 

evenly dispersed throughout the site. Because the inorganics did not generate an unacceptable 

risk, surface soil and subsurface soil were not retained as media of concern for Site 44. 
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Groundwater sampling results from the RI show that positive detections of volatile compounds 

were limited to the surticial aquifer. PCE was detected at an estimated concentration of 1 ug/L in 

a groundwater sample from monitoring well 44-GW03, exceeding the NCWQS of 0.7 pg/L. No 

other volatile contaminants were detected at this location. The lack of positive detections in other 

wells that are located hydraulically downgradient from this well indicates that the extent of 

organic contamination is limited. Moreover, the relatively low VOC concentration suggests that 

its presence may be the result of unintentional spillage or limited disposal rather than from Iong- 

term disposal or buried containers. Therefore, due to limited impact, groundwater is nolt retained 

as a media of concern at Site 44. 

Based on the data collected during the RI and the results of the site-specific ISA, thelre are no 

impacted media at Site 44. Only iron in groundwater generated a risk at the site. Accordingly, a 

no action alternative will be recommended for soil and groundwater at Site 44. 

2.2.4 Site 54 

Soil samples taken during the RI showed SVOC contamination, mostly from PAH compounds. 

Due to the removal action completed in April 2001 by the RAC, soil contamination ha:s already 

been removed from the site. Following the excavation, eight confirmatory samples were taken for 

PAHs, and no contaminants remained on site above cleanup goals (NC SSLs). Therefore, surface 

and subsurface soil are not retained as media of concern at Site 54. 

Groundwater at Site 54 has been sampled regularly since July 1998 as part of Post RI Monitoring. 

There have been no detections of VOCs in the past nine sampling quarters in groundwater (Baker 

2001). Only one SVOC had been detected in three sampling quarters prior to the removal action 

(July 2000, October 2000 and January 2001) at a concentration slightly above the NCWQS. 

During the removal action, one groundwater sample was taken at the center of the excavation. 

There were no detections of PAHs above cleanup goals in this groundwater sample. 

Groundwater sampling resumed in October 2001 following the completed removal action at Site 

54. In the October 2001 sampling event three SVOCs were detected in one monitoring well (54- 

GWlI) above the NCWQS. It was suspected that these detections were the result of the 

construction and remediation activities that occurred at Site 54 which impacted the integrity of 

this well. A Geoprobe sample collected adjacent to this well in January 2002 verified that the 

SVOCs detected in October 2001 were not present in the groundwater. Lead, however, was 
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detected in five of 13 groundwater samples and exceeds the NCWQS of 15 pg/L in one 

groundwater sample. Lead is not naturally occurring at the site and is likely related to past 

practices. Therefore, groundwater is retained as a media of concern at Site 54 until it can be 

demonstrated that lead meets the NCWQS. 

Due to the effectiveness of the soil removal there is no further need to address areas of concern or 

COCs in soil at Site 54. Lead detections in the groundwater will be retained as a COC for Site 

54. A no action alternative will be recommended for soil at Site 54. A no action alternative and a 

monitoring alternative will be considered at Site 54 to address the presence of lead in 

groundwater. 

2.3 ApDlicable or Relevant and Appropriate Requirements (ARARs) 

Regulatory requirements, standards, and guidance are also referred to as “applicable or relevant 

and appropriate requirements” (ARARs) and “to be considered” (TBCs) requirements. ARARs 

and TBCs are defined and described in general in Section 2.3.1. Section 2.3.2 presents and 

describes specific ARARs and TBCs identified as applicable or appropriate to OU No. 6. 

2.3.1 Definition of Applicable or Relevant and Appropriate Requirements (ARARs) and 

“To Be Considered” (TBC) Requirements 

Under Section 121(d)(l) of CERCLA, remedial actions must attain a degree of cleanup that 

assures protection of human health and the environment. Additionally, CERCLA remedial 

actions that leave any hazardous substances, pollutants, or contaminants on site must meet, upon 

completion of the remedial action, a level or standard of control that at least attains standards, 

requirements, limitations, or criteria that are “applicable or relevant and appropriate” under the 

circumstances of the release. These requirements are known as “ARARs” or applicable or 

relevant and appropriate requirements. ARARs are derived from federal and state laws. 

ARARs are categorized as one of three basic types: chemical-specific, location-specific, and 

action-specific. Chemical-specific ARARs include requirements which set health or risk-based 

concentration limits or ranges for specific hazardous substances, pollutants, or contaminants. 

Federal Maximum Contaminant Levels (MCLs) established under the Safe Drinking Water Act 

(SDWA) are examples of chemical-specific ARARs. 
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Location-specific ARARs set restrictions on activities based upon the characteristics of the site. 

Examples include federal and state siting laws for hazardous waste facilities and sites on the 

National Register of Historic Places. 

The third classification of ARARs, action-specific, refers to requirements that set controls or 

restrictions on particular activities related to the management of hazardous substances, pollutants, 

or contaminants. RCRA regulations for closure of hazardous waste storage units and 

pretreatment standards for discharges to publicly owned treatment works under the Clean Water 

Act (CWA) are examples of action-specific ARARs. 

Subsection 12 l(d) of CERCLA requires that remedial actions meet a level or standard that at least 

attains federal and state substantive requirements that qualify as ARARs. Federal, state, or local 

permits are not necessary for removal or remedial actions to be implemented on site, but their 

substantive requirements or ARARs must be met. 

ARARs for a particular site depend on the detected contaminants, specific site characteristics, and 

particular remedial actions proposed for the site. Potential ARARs identified for OU No. 6 are 

presented in Section 2.3.2. 

Advisories, criteria, or guidance documents that do not meet the definition of ARARs, but may be 

considered to determine what is protective or are useful in developing CERCLA remedies are 

referred to as “to-be-considered” (TBC) requirements. The ARARs preamble [40 CFR Part 

300.400(g)(3)] describes three types of TBCs: health effects information with a high degree of 

credibility, technical information on how to perform or evaluate site investigations or iremedial 

actions, and policy. 

2.3.2 Potential AFURs and TBCs for OU No. 6 

The chemical-specific, location-specific, and action-specific ARARs and TBCs that were 

identified for OU No. 6 are presented below. 
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2.3.2.1 Chemical-Specific ARARs and TBCs 

Primary chemical-specific ARARs, criteria, guidance and TBCs identified for the COCs in soil 

and groundwater at OU No. 6 are listed below. These ARARs/TBCs may applicable to site soils 

and groundwater and include: 

l USEPA Region IX Residential and Industrial Preliminary Remediation Goals (PIRGs) 

0 North Carolina Water Quality Standards (15A NCAC 2B) 

0 North Carolina Groundwater Standards (15A NCAC 2L) 

. OSWER Directive for Lead 

l Oil Pollution and Hazardous Substances Control Act (NCGS 143-2 15.75 et seq.) 

l North Carolina Air Pollution Control Regulations (15A NCAC 2D, 2H, 2Q) 

. North Carolina Hazardous Waste Management Rules (15A NCAC 13A .0009 & .0012) 

Brief descriptions of some of the chemical-specific ARARs/TBCs as they pertain to OU No. 6 are 

provided below for further clarification. 

VSEPA Region IX PRGs 

Preliminary Remediation Goals (PRGs) are tools for evaluating and cleaning up contaminated 

sites. They are risk-based concentrations derived from standardized equations, combining 

exposure information, assumptions, and EPA toxicity data. The USEPA Region IX PRGs are 

generic and are calculated without site specific information. PRGs should be vilewed as 

guidelines, not legally enforceable cleanup or remediation standards. PRGs are not an ARAR; 

however, they are federal guidance and therefore are considered “TBC” information for 

OU No. 6. 

USEPA Region IX Residential PRGs will be used for site “screening” and will be evaluated as 

initial remedial goals for VOCs, SVOCs, pesticides and metals in site soil. PRGs are not de facto 

cleanup standards and should not be applied as such. However, they are helpful in providing 

remediation targets to use during the analysis of different remedial alternatives. 
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North Carolina Water Quality Standards (Groundwater) 

Under the North Carolina Administrative Code (NCAC), Title 15A, Subchapter 2L, 

Section .0200, (15A NCAC 2L.0200) the Department of Environment and Natural IResources 

(NC DENR) has established groundwater standards (NCWQS) for three classifications of 

groundwater within the State: GA, GSA and GC. Class GA waters are those groundwaters in the 

state naturally containing 250 mg/L or less of chloride. These waters are an existing or potential 

source of drinking water supply for humans. Class GSA waters are those groundwaters in the 

state naturally containing greater than 250 mg/L of chloride. These waters are an existing or 

potential source of water supply for potable mineral water and conversion to fresh water. Class 

GC water is defined as a source of water supply for purposes other than drinking. The NCAC 

Tl5A:02L.0300 has established sixteen river basins within the state as Class GC groundwaters 

(15A NCAC 2L.0201 and 2L.0300). 

The water quality standards for groundwater are the maximum allowable concentrations resulting 

from any discharge of contaminants to the land or water of the state, which may be tolerated 

without creating a threat to human health or which could otherwise render the groundwater 

unsuitable for its intended best usage. If the water quality standard of a substance is less than the 

limit of detectability, the substance shall not be permitted in detectable concentrations. If 

naturally occurring substances exceed the established standard, the standard will be the naturally 

occurring concentration as determined by the state. Substances which are not naturally occurring 

and for which no standard is specified are not permitted in detectable concentrations for Class GA 

or Class GSA groundwaters (15 A NCAC 2L.0202). 

The NCWQS for substances in Class GA and Class GSA groundwaters are established as the 

lesser ofi 

* Systemic threshold concentration (based on reference dose and average consumption) 

B Concentration which corresponds to an incremental lifetime cancer risk of 1 xl OY6’ 

0 Taste threshold limit value 

e Odor threshold limit value 

0 MCL 

0 National Secondary Drinking Water Standard 
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Note that the water quality standards for Class GA and Class GSA groundwaters are the same 

except for chloride and total dissolved solids concentrations (15A NCAC 2L.0202). 

OSWER Directive for Lead 

As part of the Superfund Administrative Improvements Initiative, an interim directive established 

a streamlined approach for determining protective lead levels in soil at CERCLA anld RCRA 

facilities that are subject to corrective action under RCRA section 3004 (u) or 3008 (h). This 

directive recommended a screening level for lead in surface soil for residential land use at 400 

mg/kg and 1,000 mg/kg for industrial land use. This interim directive, dated July 14, 1994, 

replaced ail previous directives on soil lead cleanup for CERCLA and RCRA :programs 

(USEPA 1994a). 

A screening level represents a level of contamination of above which there may be enough 

concern to warrant a study of potential risks. This level is not a cleanup goal. Rather, this 

screening level may be used as a tool to determine which areas require further study and to 

encourage voluntary cleanup. Levels of contamination above the screening level would not 

automatically require a removal action or designate the area as lead contaminated. Consequently, 

this value will be the ARAR used in this FS for lead detected in surface soil at Site 36. 

2.3.2.2 Location-Specific ARARs 

Potential location-specific ARARs identified for OU No. 6 and an evaluation determiining the 

applicability of these location-specific ARARs with respect to OU No. 6 are presented ton Table 

2-l. Based on this evaluation, specific sections of the following location-specific ARARs may be 

applicable to OU No. 6: 

e Fish and Wildlife Coordination Act 

* Federal Endangered Species Act 

0 North Carolina Endangered Species Act 

e Executive Order 11990 on Protection of Wetlands 

* Executive Order 11988 on Floodplain Management 

8 RCRA Location Requirements 

* North Carolina Hazardous Waste Management Rules 
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. North Carolina Solid Waste Management Rules 

. North Carolina Recordation of Inactive Hazardous Substance or Waste Disposal Areas 

l North Carolina Coastal Management 

Please note that the citations listed on Table 2-1 should not be interpreted to indicate that the 

entire citation is an ARAR. The citation listing is provided on the table as a general reference. 

2.3.2.3 Action-Specific ARARs 

Action-specific ARARs are typically evaluated during the development and detailed evaluation of 

alternatives since they are dependent on the type of action being considered. Nonetheless, 

potential action-specific ARARs for OU No. 6 have been identified and are listed on Table 2-2. 

These ARARs are based on RCRA, OSWER Directive, CWA, SDWA, and North Carollina State 

requirements. Note that the citations listed on Table 2-2 should not be interpreted to indicate that 

the entire citation is an ARAR. The citation listing is provided on the table as a general reference. 

2.4 Remediation Goals and Final COCs 

Remediation goals are established based on regulatory requirements, standards, and guidance. 

From the standards identified as ARARs or TBCs, a recommended remediation goal is chosen for 

each COC to be used in the development of remedial alternatives in the FS. 

The remediation goals for COCs at OU No. 6 were selected based on regulatory requirements, 

standards, and guidance, and future land use considerations. Selected remediation goals for each 

site and the basis for each remedial goal are provided below. 

2.4.1 Final Contaminants of Concern for Site 36 

Contaminants present at Site 36 in exceedance of their remediation goals are COCs for this FS. 

In order to evaluate localized areas of contamination related to past site practices, each 

contaminant’s maximum detected concentrations in surface soil and subsurface soil were 

compared to USEPA Region IX PRGs for residential land use. Groundwater at Site 36 was 

compared to NCWQS and Federal Maximum Contaminant Levels (MCLs). 
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Comparisons of contaminants to remediation goals for residential land use are presented in 

Tables 2-3 and 2-4 for surface soil and subsurface soil, respectively. The list of final COCs and 

their respective remediation goals for residential land use are summarized in Table 2-5. Although 

antimony, arsenic and cadmium exceed their respective PRGs, these inorganics do not generate 

unacceptable risk at the site and are not related to past site practices. They are likely naturally 

occurring and within Base background concentrations. They are therefore not retained as 

contaminants of concern. 

Groundwater contaminants detected during the Post-RI Monitoring (April 2001 for metals and 

January 2002 for VOCs) were compared to the NCWQS. The comparison and selected COCs are 

presented in Tables 2-6 and 2-7, respectively. 

2.4.2 Final Contaminants of Concern for Site 43 

Contaminants present at Site 43 in exceedence of their remediation goals are COCs for this FS. 

The future land use at Site 43 is projected to be residential due to its proximity to a Base housing 

area. Localized areas of contamination related to past site practices have higher concentrations 

than other areas of the site. Therefore, maximum detected concentrations in surface soil and 

subsurface soil were compared to USEPA Region IX Residential PRGs. 

Comparisons of contaminants to remediation goals for residential land use are presented in Tables 

2-8 and 2-9 for surface soil and subsurface soil, respectively. The list of final COCs and their 

respective remediation goals for residential land use are summarized in Table 2-l 0. 

Results from the RI show that iron and manganese were detected in groundwater. Both exceed 

the NCWQS standards of 300 pg/L and 50 p&/L, respectively. These inorganics, however, are 

naturally occurring and are likely within Base background concentrations. A Base background 

study is currently being conducted at MCB, Camp Lejeune. These inorganics will be evaluated 

against Base background when data becomes available. 

2.4.3 Final Contaminants of Concern for Site 44 

There were no media of concern identified at Site 44 and, therefore, no contaminants of concern 

are addressed for this site. 
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2.4.4 Final Contaminants of Concern for Site 54 

Soil is not a media of concern at Site 54 due to the soil removal action completed in April 2001. 

Groundwater results from the RI show that only iron, lead and manganese exceed NCWQS 

standards. Iron and manganese are naturally occurring and may be within Base background 

concentrations. A Base background study is currently being conducted at MCB, Camp Lejeune. 

These inorganics will be evaluated against Base background when data becomes available. Lead, 

however, is likely related to past site practices. It is retained as a contaminant of concern. 

2.5 Areas of Concern 

Surface soil, subsurface soil, and groundwater have been identified as the media of concern for 

this FS for OU No. 6. The area of concern for soil represents the area of excavation ifor a soil 

removal alternative or the area of treatment for an in situ treatment alternative. Specific areas of 

concern for soil are defined as areas where contaminant concentrations exceed remedial goals as 

defined in Section 2.4 for residential land use. 

These areas are used to define areas of concern and to estimate volumes of contaminated soil for 

each remedial action alternative in Section 4.0. The areas of concern for the various types of 

contaminants, as defined by exceedances of remediation goals, are illustrated in the figures 

introduced below. Corresponding approximate volumes or areas to be addressed are presented as 

a reference point: 

Site 36 

* Figure 2-1 - Area of Concern: Region IX Residential PRGs (Pesticides and PAHs) 

950 CY (assumes a depth of 2 feet) 

l Figure 2-2 - Area of Concern: Lead in Soil (> 400 ppm) 

64,500 fi* (1.48 acres) 

. Figure 2-3 - Area of Concern: Groundwater (VOCs) 
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Site 43 

. Figure 2-4 - Area of Concern: Region IX Residential PRGs (PAHs) 

750 CY (assumes a depth of 3 feet) 

2.6 Remedial Action Obiectives 

Remedial action objectives are medium-specific or site-specific goals established for protecting 

human health and the environment. At OU No. 6, the specific media to be addressed by the 

remedial action is contaminated soil at Sites 36 and 43 and groundwater at Sites 36 and 54. 

Remedial action objectives for OU No. 6 are: 

Site 3 6 

e Remove or mitigate potential exposure to contaminated surface and subsurface soils on 

the site that contain contaminants related to past site practices in excess of the selected 

remediation goals (cleanup levels) for residential land use. 

a Protect human health by mitigating the potential for exposure to the lead contaminated 

surface and subsurface soils. 

a Prevent future exposure to VOC contaminated groundwater. 

a Protect uncontaminated groundwater for future potential beneficial use. 

Site 43 

. Remove or mitigate potential exposure to contaminated surface and subsurface soils on 

the site that contain contaminants related to past site practices in excess of the selected 

remediation goals (cleanup levels) for residential land use. 

Site 54 

a Prevent future exposure to lead contaminated groundwater. 

a Protect uncontaminated groundwater for future potential beneficial use. 
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3.0 IDENTIFICATION AND PRELIMINARY SCREENING OF REMEDIAL 

ACTION TECHNOLOGIES 

Section 3.0 presents the identification and preliminary screening of remedial action technology 

types and process options that may be applicable to the remediation of media at OU No. 6. More 

specifically, general response actions are presented in Section 3.1. Remedial action technology 

types and process options for each general response action are discussed in Section 3.2. 

Preliminary screening of the remedial action technology types and process options for IOU No. 6 

are presented in Section 3.3. After the preliminary screening, the remaining technology 

types/process options undergo a process option evaluation for each individual site. The final set 

of remedial action technology types and a brief description of the evaluated options are also 

presented. 

3.1 General Response Actions 

General response actions are broad-based, medium-specific categories of actions that can be 

identified to satisfy the remedial action objectives of an FS. Due to the nature of soil 

contamination at OU No. 6, five general response actions have been identified for these sites. 

The general response actions include: no action, institutional controls, containment/removal 

actions, and in-situ and ex-situ treatment actions. For groundwater contamination, general 

response actions including no action, institutional controls and in-situ and ex-situ treatment 

actions have been selected. A brief description of these general response actions follows. 

3.1.1 No Action 

The NCP requires the evaluation of the no action response as part of the FS process. A no action 

response provides a baseline assessment for comparisons involving other remedial alternatives 

that offer a greater level of response. A no action alternative may be considered appropriate 

when there are no adverse or unacceptable risks to human health or the environment, or when a 

response action may cause a greater environmental or heahh danger than the no action alternative. 
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3.1.2 Institutional Controls 

Institutional controls are various “institutional” actions that can be implemented at a site to 

minimize exposure to potential hazards at the site. These controls are typically considered to be 

“passive” actions such as limiting exposure to contaminated soil by access restrictions (e.g., 

fencing) or by placing restrictions on the allowable land uses of a contaminated area. 

3.1.3 Containment/Removal Actions 

This general response action combines both containment and removal actions. Containment 

actions include technologies that contain and/or isolate contaminants by covering, sealing, or 

providing an effective barrier over or around specific areas of concern. These actions also 

provide isolation and prevent direct exposure with or migration of the contaminated media. 

Excavation is a method for removing contaminated soil using conventional heavy construction 

equipment such as backhoes, cranes, bulldozers and loaders. With respect to OU No. 6, the 

contaminated soil could be excavated and then treated (on-site or off-site) or sent off-site for 

disposal. 

3.1.4 Treatment Actions 

A typical general response action applicable to soil remediation involves a combination of 

removal, treatment, and/or disposal actions. Treatment actions (in-situ and ex-situ) can include 

biological, physical/chemical, and thermal treatment methods. In-situ treatments may result in 

production of process water or products from off-gas treatment systems. Ex-situ treatments may 

result in process water, products from off-gas treatment systems and/or contaminated soiil. These 

remediation end products may need to be further treated or disposed. Treatment may include one 

of a number of on-site or off-site treatment actions. Disposal may include on-site or off-site 

landfill options in addition to recycling options. 

Treatment actions for contaminated groundwater could include biological, thermal, and 

physical/chemical treatment alternatives that can be implemented either in-situ or ex-situ.. Ex-situ 

treatment actions are all implemented in conjunction with extraction of groundwater and must 

meet surface water discharge requirements prior to discharge. 
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3.2 Identification of Remedial Action Technolo&s and Process Options 

In this step, a set of potentially applicable technologies and process options will be identified for 

each of the general response actions listed in the previous section. The term, “technology type” 

refers to general categories of technologies such as physical/chemical, thermal, and biological. 

The term “process option” refers to specific processes, or technologies, within each generalized 

technology type. For example, soil washing and solvent extraction are process options under the 

technology type known as physical/chemical treatment for soil remediation. Several technology 

types may be identified for each general response action and numerous process options may exist 

within each generalized technology type. 

Several technology types are presented for each response action for both soil and groundwater at 

OU No. 6. They are identified on Table 3- 1. 

3.3 Preliminarv Screening of Remedial Action Technologies and Process Optiorg 

During the preliminary screening, the set of remedial action technology types and process options 

identified on Table 3-l have been screened (or reduced) by evaluating the technology types with 

respect to contaminant-specific and site-specific factors. This screening step was accomplished 

by using available information from previous site investigations (i.e., information regarding 

contaminant types, contaminant concentrations, and site characteristics) to screen out technology 

types and process options that cannot be effectively implemented at the site (USEPA, 1988). In 

general, all technology types and process options that appear to be applicable to the site 

contaminants and site conditions have been retained for further evaluation. The preliminary 

screening for OU No. 6 is presented on Table 3-2. 

3.4 Process Option Evaluation 

The objective of the process option evaluation is to select only one representative process option 

for each applicable remedial technology type to simplify the subsequent development and 

evaluation of remedial alternatives. In some cases, more than one process option may be selected 

for a technology type if the processes are sufficiently different in their performance. It is 

important to note that the elimination of a process option does not mean that the process option 

can never be reconsidered for the site. The representative process option simply provide:s a basis 

for remedial alternative evaluation during the FS. However, the specific process option used to 

implement the remedial action may not be selected until the remedial design phase. 
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During the process option evaluation, the process options retained on Table 3-2 were further 

evaluated based on three criteria: effectiveness, implementability, and relative cost. The 

evaluation of effectiveness focused on: the potential effectiveness of a process option in meeting 

the remedial action objectives; the potential impacts to human health and the environment during 

the construction and implementation phase; and how reliable the process is with respect to the 

cots. The evaluation of implementability focused on the administrative feasibility of 

implementing a technology (e.g., obtaining permits), since the technical implementability was 

previously considered in the preliminary screening. The evaluation of relative cost played a 

limited role in this screening. Only relative capital and operating and maintenance (O&M) costs 

were used instead of detailed estimates. As per USEPA guidance (USEPA, 1988), the relative 

cost analysis was made on the basis of engineering judgement. 

A summary of the process option evaluation is presented on Table 3-3. It is important to note that 

the elimination of a process option does not mean that the process option can Inever be 

reconsidered for the site. As previously stated, the purpose of this process option evaluation is to 

select a representative process option to simplify the development and evaluation of the most 

appropriate potential alternatives. 

As noted on Tables 3-2 and 3-3, several technology types and/or process options were eliminated 

from further evaluation because they were determined to be inappropriate based on site:-specific 

characteristics and/or contaminant-specific characteristics that were identified for OU No. 6. 

3.5 Final Set of Remedial Action Technolo&es/Process Options 

Table 3-4 identifies the final set of feasible technology types and process options that were used 

to develop remedial action alternatives for the individual sites at OU No. 6. A brief description of 

each technology type/process option from the final set is presented below. 

3.5.1 Site 36 

3.5 _ 1.1 No Action 

The no action alternative will be considered for Site 36 for both soil and groundwater. The no 

action response provides a baseline for comparison with other response actions and the NCP 

requires that this alternative be evaluated. Under the no action response, the contaminated media 
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at the site will be left in place. Passive remediation of organic contaminants (i.e., natural 

attenuation) may occur, but will be unmonitored. No active institutional controls or active 

remediation efforts would be implemented at the site if the no action alternative were selected. 

3.5.1.2 Site Access Restrictions 

The site access restrictions process option includes the installation and/or maintenance of security 

fencing and signs around the contaminated media at Site 36. Warning signs would be posted 

along the fence. The fencing option would minimize direct exposure to the impacted soil at the 

site by reducing the potential for dermal contact with or ingestion of the soil. 

3.5. I .3 Land Use Restrictions 

Land use controls are implemented to manage future land use or to restrict certain types of 

activities at a site. Examples of land use controls include aquifer use restrictions or deed 

restrictions that limit allowable land uses and/or place restrictions on certain intrusive activities 

(e.g., excavation, installation of wells, or construction) at the site. Land use controls can be used 

to control all or parts of Site 36. Remedial alternatives that leave soil on the site above the 

selected cleanup goal may include land use controls that either restrict future allowable land uses 

and/or restrict certain excavation/construction activities. This process option eliminates Iexposure 

to the contaminated soil by restricting future exposure at the site. 

3.5.1.4 Capping 

A capping process option (i.e., soil cover) for Site 36 would consist of placing compacted soil fill, 

with topsoil and vegetation on top of the compacted fill. The soil cover would reduce the 

potential for direct exposure to the contaminated soil and would minimize the potential for 

contaminant migration via surface water runoff and erosion. A soil cover does not prevent 

infiltration from precipitation. As contaminants do remain in the soil, permanent erosion controls 

are required as well as excavation restrictions. 

For this process option, all soils exceeding cleanup criteria would be capped with a soil cover. 

Therefore, a capping alternative can be implemented for cleanup to residential or industrial 

remediation goals. 
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3.5.1.5 Excavation and Landfill Disposal 

The excavation process option involves the removal of contaminated soil from the site to a 

location where human and ecological exposure pathways are significantly reduced. Post- 

excavation confirmatory sampling will be conducted to ensure the removal of PAHs and 

pesticides to the appropriate final cleanup levels and to ensure a complete removal action. It is 

anticipated that excavated soils can be disposed at the Base landfill. 

3.5.1.6 Enhanced Natural Attenuation 

This in-situ treatment action would be enhanced with the injection of a Hydrogen Release 

Compound (HRC) in order to accelerate the dechlorination of TCE and other detected VOCs in 

groundwater at Site 36. The release of hydrogen helps a population of reductive dechlorinating 

bacteria, naturally occurring in the aquifer, to degrade the VOCs. Post-injection monitoring 

would continue to ensure effectiveness of the treatment. 

3.5.1.7 Monitored Natural Attenuation 

A long-term groundwater monitoring program would be implemented at Site 36. In a monitored 

natural attenuation process, groundwater is monitored to track contaminant concentrations and 

natural attenuation parameters. This action is a monitoring program to provide continual 

information regarding groundwater contaminant concentrations and migration over time. 

3.5.2 Site 43 

3.5.2.1 No Action 

The no action alternative will be considered for Site 43 for both soil and groundwater. The no 

action response provides a baseline for comparison with other response actions and the NCP 

requires that this alternative be evaluated. Under the no action response, the contaminated media 

at the site will be left in place. Passive remediation of organic contaminants (i.e.,, natural 

attenuation) may occur, but will be unmonitored. No active institutional controls or active 

remediation efforts would be implemented at the site if the no action alternative were sele,cted. 
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3.5.2.2 Capping 

A capping process option (i.e., soil cover) for Site 43 would consist of placing compacted soil fill, 

with topsoil and vegetation on top of the compacted fill. The soil cover would reduce the 

potential for direct exposure to the contaminated soil and would minimize the potential for 

contaminant migration via surface water runoff and erosion. A soil cover does not prevent 

infiltration due to precipitation. As contaminants do remain in the soil, permanent erosion 

controls are required as well as excavation restrictions. 

For this process option at Site 43, all soils exceeding residential cleanup criteria would be capped 

with a soil cover. 

3.5.2.3 Excavation and Landfill Disposal 

The excavation process option involves the removal of contaminated soil from the site to a 

location where human and ecological exposure pathways are significantly reduced. Post- 

excavation confirmatory sampling will be conducted to ensure the removal of PAHls to the 

appropriate residential cleanup levels and to ensure a complete removal action. It is anticipated 

that excavated soils from Site 43 can be disposed at the Base landfill. 

3.5.3 Site 44 

3.5.3.1 No Action 

The no action alternative will be considered for Site 44 for both soil and groundwater. The no 

action response provides a baseline for comparison with other response actions and the NCP 

requires that this alternative be evaluated. Under the no action response, the contaminated media 

at the site will be left in place. Passive remediation of organic contaminants (i.e.,, natural 

attenuation) may occur, but will be unmonitored. No active institutional controls or active 

remediation efforts would be implemented at the site if the no action alternative were selected. 
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3.5.4 Site 54 

3.5.4.1 No Action 

The no action alternative will be considered for Site 54 for both soil and groundwater.. The no 

action response provides a baseline for comparison with other response actions and the NCP 

requires that this alternative be evaluated. Under the no action response, the contaminated media 

at the site will be left in place. Passive remediation of organic contaminants (i.e., natural 

attenuation) may occur, but will be unmonitored. No active institutional controls or active 

remediation efforts would be implemented at the site if the no action alternative were selected. 

3.5.4.2 Land Use Restrictions 

Land use controls are implemented to manage future land use or to restrict certain types of 

activities at a site. Examples of land use controls include aquifer use restrictions or deed 

restrictions that limit allowable land uses and/or place restrictions on certain intrusive activities 

(e.g., excavation, installation of wells, or construction) at the site. Land use controls can be used 

to control all or parts of Site 54. This process option eliminates exposure to the contaminated 

groundwater by restricting future exposure at the site. 

3.5.4.3 Groundwater Monitoring 

A long-term groundwater monitoring program would be implemented at Site 54 to track 

contaminant concentrations. This action is a monitoring program to provide continual 

information regarding groundwater contaminant concentrations and migration over time. 
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4.0 DEVELOPMENT AND SCREENING OF REMEDIAL ACTION 

ALTERNATIVES 

In this phase of the FS, process options and remedial action technologies are combined to form 

potential remedial action alternatives (RAAs) for each individual site of OU No. 6. ‘The RAA 

development process and a description of the developed RAAs for each site are presented in 

Sections 4.1 through 4.4. 

4.1 36 Site 

The future land use of Site 36 is not yet determined. Residential land use RAAs would allow for 

future land uses such as housing, schools, parks, marinas, and/or office building uses. 

RAAs for Site 36 were developed to address localized areas of contamination by combining the 

remedial action technologies and process options selected for this site in Section 3.0. Three 

RAAs were developed to address soil contamination detected at Site 36. These include the no 

action RAA for soil and two residential land use RAAs for pesticide, PAH and lead contaminated 

soil. Three RAAs were developed to address groundwater contamination detected at Site 36. 

These include the no action RAA for groundwater and two natural attenuation RAAs for 

groundwater. 

These RAAs represent a wide range of response actions, remediation goals, land use controls, and 

remediation costs. A summary table that presents a description, allowable land uses, land use 

controls required, and cleanup goals for each RAA is provided as Table 4-1. 

Soil 

4.1.1 36s RAA 1: No Action 

Under the no action RAA, no physical remedial actions will be performed to reduce the: toxicity, 

mobility, or volume of contaminants identified in soil at Site 36. In addition, no land use controls 

such as intrusive activity restrictions or land use restrictions will be implemented at the site. The 

no action alternative is required by the NCP to provide a baseline for comparison with other 

RAAs that provide a greater level of response. 
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Although this RAA does not involve physical remediation, remediation of the soil conta.mination 

is expected to occur over time via natural attenuation of contaminants. These processes include 

naturally occurring biodegradation, volatilization, dilution, leaching, adsorption, and chemical 

reactions between subsurface materials. Under the No Action RAA, however, no means are 

provided to monitor or confirm the natural remediation process. 

Since contaminants will remain at Site 36 under this RAA, the NCP [40 CFR 300.4.30(f)(4)] 

requires the lead agency to review the effects of this alternative at least once every five years. 

4.1.2 36s RAA 2: Capping and Institutional Controls for Lead Contaminated Areas 

36s RAA 2 is recommended for residential future land uses such as housing, schools, parks, or 

office locations. This RAA includes capping of localized impacted PAH and pesticide areas. 

Institutional controls will be implemented at this site to minimize exposure to potential1 hazards 

from lead contamination in surface and subsurface soils. The remediation goal for this R.AA is to 

cap the localized PAH and pesticide impacted areas. For estimating purposes in this FS, the 

USEPA Region IX Residential PRGs for PAHs and pesticides were used to calculate the capping 

areas (see Table 2-5). In addition, lead impacted areas above the EPA OSWER directive 

(400 ppm) will be restricted from intrusive activities and limited to future industrial land uses. 

Under this RAA all localized impacted PAH and pesticide areas would be capped. The capping 

areas for this option can be seen in Figure 4-1. 

The total area to be capped is approximately 0.23 acres. The soil cover will consist of 12 inches 

of clean backfill and six inches of topsoil. A soil cap will mitigate dermal exposure and will 

control erosion and migration of contaminated soil. However, a soil cap will not rninimize 

surface water infiltration and therefore does not protect the groundwater. The cap will be 

contoured so as to control erosion and sedimentation, and will be compacted and vegetated with 

native grasses and plant species. Because the area at Site 36 is heavily vegetated, clearing may be 

necessary before capping can take place. It is assumed that clean backfill can be obtained from 

an on-Base borrow source and that topsoil will be purchased from an off-site source. The cap 

will be inspected periodically to ensure that integrity is maintained. Cap restoration will be 

performed, as needed, based upon inspection results. For costing purposes, it is assumed that 

inspections and maintenance will be conducted annually. 
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Following placement of the soil cap, all disturbed areas would be revegetated with native grasses 

and plant species to control erosion. Access roads or other infrastructure that are dist.urbed or 

destroyed in the capping process would be restored to original conditions. 

Lead contamination at Site 36 is concentrated in soils in the southeastern portion of the site. The 

EPA residential action level for lead in soil is 400 ppm. Therefore, any sampling location 

exceeding this concentration will be designated for institutional controls for intrusive activities 

and to limit the site to future industrial land uses. There are only three surface soil locations with 

a lead concentration above this action level. The majority of the lead contamination is in 

subsurface soils. Figure 4-l shows the areas to be designated for institutional controls for lead 

contamination at Site 36. 

Because contaminated soil that poses a potential human health risk will remain at the site, land 

use controls will be required for this alternative. Land use controls will include restrictions on 

intrusive activities at the site (e.g., excavation, installation of wells, or construction) other than for 

monitoring or future remediation purposes. These restrictions will be implemented through 

modifications of the Base Master Plan and presented in the “Notice of Inactive Hazardous Waste 

Disposal Site” plat maps prepared for the Onslow County register of deeds. These restrictions 

will remain in place until it can be demonstrated that the remediation goals for lead are achieved. 

4.1.3 36s RAA 3: Excavation and Off-Site Disposal and Institutional Controls for Lead 

Contaminated Areas 

Under this RAA, all localized PAH and pesticide impacted soil would be excavated and r’emoved. 

institutional controls will be implemented at this site to minimize exposure to potential hazards 

from lead contamination in surface and subsurface soils. The remediation goal for this RAA is to 

remove the localized PAH and pesticide impacted areas. For estimating purposes in this F’S, the 

USEPA Region IX Residential PRGs for PAHs and pesticides were used to calculate the 

excavation areas (see Table 2-5). In addition, lead impacted areas above the EPA OSWER 

directive (400 ppm) will be restricted from intrusive activities. 

The excavation area for this option can be seen in Figure 4-2 and the total volume for site-wide 

excavation is approximately 950 cubic yards (CY). Prior to excavation, the contamination at 

Site 36 may need to be further delineated since the areas have not been sampled since the K 
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in 1995. Because areas of Site 36 are heavily vegetated, clearing may be necessary before 

excavation can take place. Underground utility lines running parallel to the improved gravel road 

near the OF-SB03 sampling cluster will have to be located prior to excavation. 

Confirmatory sampling will take place to ensure that all contaminants exceeding remediation 

goals have been excavated. The final remedial goals will be determined during the Iremedial 

action design phase. Samples will be analyzed for PAHs and pesticides. The excavated soils will 

be transported to the Base landfill for proper disposal. 

Following the excavation operation, the site would be restored by placing clean backfill (assumed 

to be from an on-Base borrow area) to bring the site back to its original grade. All disturbed areas 

would be revegetated with native grasses and plant species to control erosion. Access roads or 

other infrastructure that are disturbed or destroyed in the excavation process would be restored to 

original conditions. 

Lead contamination at Site 36 is concentrated in soils in the southeastern portion of the site. The 

EPA residential action level for lead in soil is 400 ppm. Therefore, any sampling location 

exceeding this concentration will be designated for institutional controls. There are only three 

surface soil locations with a lead concentration above this action level. The majority of the lead 

contamination is in subsurface soils. Figure 4-2 shows the areas to be designated for institutional 

controls for lead contamination at Site 36. 

Institutional controls can be implemented at this site to minimize exposure to potential hazards 

from lead contamination in surface and subsurface soils at the site. Under this RAA, defining 

areas that will have land use controls placed on them will minimize exposure to contaminated 

soil. These controls include future use restrictions. Excavation restrictions (i.e., intrusive 

activities) will also be necessary. These restrictions will be implemented through modifications 

of the Base Master Plan and presented in the “Notice of Inactive Hazardous Waste Disposal Site” 

plat maps prepared for the Onslow County register of deeds. These restrictions will remain in 

place until it can be demonstrated that the remediation goals are achieved. 
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Grounu’wnter 

4.1.4 36GW RAA 1: No Action 

Under the no action RAA, no physical remedial actions will be performed to reduce the toxicity, 

mobility, or volume of contaminants identified in the groundwater at Site 36. In addition, no land 

use controls such as aquifer use restrictions or land use restrictions will be implemented at the 

site. The no action alternative is required by the NCP to provide a baseline for comparison with 

other RAAs that provide a greater level of response. 

Although this RAA does not involve physical remediation, remediation of the groundwater 

contamination is expected to occur over time via natural attenuation of contaminants. These 

processes include naturally occurring biodegradation, volatilization, dilution, leaching, 

adsorption, and chemical reactions between subsurface materials. Under the No Action RAA, 

however, no means are provided to monitor or confirm the natural remediation process. 

Since contaminants will remain at Site 36 under this RAA, the NCP [40 CFR 300.430(f)(4)] 

requires the lead agency to review the effects of this alternative at least once every five years. 

4.1.5 36GW RAA 2: Enhanced Natural Attenuation 

Under 36GW RAA 2 for groundwater, a hydrogen releasing compound (HRC) will be injected 

into the groundwater to reduce the toxicity, mobility, and volume of the groundwater 

contaminants at Site 36. HRC is a slowly dissolving polymer that releases hydrogen to accelerate 

the reductive dechlorination of TCE contamination at Site 36. HRC has been used at many sites 

and is widely accepted. HRC can be injected into the ground using direct push methods:, such as 

a Geoprobe, or injection wells. The site will be monitored by sampling monitoring wells to 

ensure that natural attenuation is occurring and to determine when the site has reached NCWQS 

cleanup goals. 

Injection of HRC will enhance the natural attenuation of VOC contaminants in groundwater at 

Site 36. At Site 36, the following evidence suggests that natural attenuation processes are already 

successfully degrading the chlorinated solvent contamination in the surficial aquifer: 
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PCE and TCE have been detected within the VOC plume in the northern area of Site 36 

(Figure 4-3). In addition, the TCE daughter products (1,2-DCE and vinyl chloride) have 

also been detected at this location. 

PCE and TCE were not detected in soil samples collected from this area, suggesting that 

the source has degraded or migrated to the surficial aquifer. 

8 The locations and concentrations of the TCE, 1,2-DCE and vinyl chloride detections 

within the northern area of the site are positioned as to suggest that the daughter :products 

are a direct result of the PCE and TCE degradation. 

Based upon this information, natural attenuation appears to be effective for the chlorinated 

solvent contamination detected in the surficial aquifer. Therefore, the injection of a HRC will 

enhance what is naturally occurring and expedite the process. 

A monitoring program will be implemented to include both groundwater and surface water 

sampling. The surface water samples will be analyzed for VOCs. Groundwater samples will be 

analyzed for VOCs as well as the following natural attenuation parameters: nitrate, sulfate, 

methane, ethane, ethene, and chloride. Additionally, field analysis will be conducted on 

groundwater samples to determine the levels of dissolved oxygen, iron II, alkalinity, oxidation- 

reduction potential (ORP), pH, temperature, conductivity and major cations. Over time, the 

results will be used to analyze the natural attenuation process and the level of contaminant 

reduction that has occurred. 

Site 36 is currently sampled quarterly to determine if contaminants detected during the RI have 

migrated, degraded through natural processes, or remain on site. The most recent sampling event 

took place in April, 2002 (Table l-l). Results from recent quarterly monitoring events are 

detailed in the 2001 Annual Report and Table l-1. 

Figure 4-3 identifies the existing wells that will be used to monitor both VOCs and the natural 

attenuation parameters previously mentioned. Shallow and intermediate wells will monitor 

concentrations in the surficial aquifer, while the deep well will monitor the Castle Hayne aquifer 

to ensure that contaminates have not migrated vertically. Should additional sampling locations 

become necessary, they will be added to the monitoring program. If the analytical results indicate 
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that the groundwater quality has improved, the program may be modified to include fewer 

sampling locations or less frequent sampling events. However, for cost estimating purposes, two 

years of semi-annual sampling is assumed. 

36GW RAA 2 includes aquifer use restrictions to prohibit future use of the aquifers within 1,000 

feet of the VOC plume. These restrictions prevent the aquifers from being used as a potable 

water source. In addition, an intrusive activity boundary will also be included for the VOC plume 

area. These restrictions will be implemented through modifications of the Base Master Plan and 

presented in the “Notice of Inactive Hazardous Waste Disposal Site” plat maps prepared for the 

Onslow County register of deeds. These restrictions will remain in place until it can be 

demonstrated that the remediation goals are achieved. 

Until remediation levels are met, the NCP [40 CFR 300.430(f)(4)] requires that the lead agency 

review the effects of this alternative at least once every five years. 

,...-P.,, 4.1.6 36GW RAA 3: Monitored Natural Attenuation 

Under 36GW RAA 3, no physical remedial actions will be conducted to reduce the toxicity, 

mobility, or volume of the groundwater contaminants at Site 36. The in-situ, naturally occurring 

biodegradation, dispersion, dilution, adsorption, volatilization, and chemical or biological 

stabilization/destruction of the VOCs in groundwater is expected in the form of natural 

attenuation. The term “natural attenuation” refers to the “naturally occurring processes 

in...groundwater environments that act without human intervention to reduce the mass, toxicity, 

mobility, volume, or concentration of contaminants in these media” (Weidemeier 1996). 

Biodegradation may occur as an aerobic, anaerobic, or cometabolic processes. Aerobic processes 

involve oxidation-reduction reactions in which oxygen is the electron receptor. A.naerobic 

processes involve iron-reducing, denitrifying, and sulfate-reducing reactions. Cometabolic 

processes involve dioxide-reducing reactions and result in the accumulation of methane as the 

final product. Technical literature indicates that chlorinated solvent contamination can undergo 

natural attenuation through one or a combination of the biodegradation processes mentioned. 
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Based upon the information presented in Section 4.1.5, the natural attenuation alternative appears 

to be a feasible and reasonable remedial option for the chlorinated solvent contamination detected 

in the surficial aquifer. 

The primary component of 36GW RAA 3 is a long-term monitoring (LTM) program. Similar to 

the plan identified under 36GW RAA 2, the monitoring program for 36GW RAA 3 will include 

both groundwater and surface water sampling. Surface water samples will be analyzed for VOCs, 

while groundwater samples will include laboratory analysis of the following parameters: VOCs, 

nitrate, sulfate, methane, ethane, ethene, and chloride. Additionally, field analysis will be 

conducted on groundwater samples to determine the levels of oxygen, iron II, alkalinity, ORP, 

pH, temperature, conductivity and major cations. Collection and review of the analytical results 

will indicate the type and degree of bioremediation that is occurring (i.e., aerobic, iron-reducing, 

denitrifying, sulfate-reducing, or methanogenic). Over time, the results will be used to analyze 

the natural attenuation process and the level and rate of contaminant reduction that has occurred, 

as well as to predict the rate of contaminant reduction that is expected. 

Figure 4-4 identifies the wells that will be used to monitor both VOCs and the natural attenuation 

parameters mentioned in the previous paragraph. For this RAA, three new shallow wells and four 

new intermediate wells will be installed. Shallow and intermediate wells will monitor 

concentrations in the surficial aquifer, while the deep well will monitor the Castle Hayne aquifer 

to ensure that contaminants have not migrated vertically. Should additional sampling locations 

become necessary, they will be added to the monitoring program. If the analytical results indicate 

that the groundwater quality has improved, the program may be modified to include fewer 

sampling locations or less frequent sampling events. However, for cost estimating purposes, 4 

years of semiannual sampling is assumed followed by 6 years of annual sampling for a total of 10 

years of monitoring. 

Site 36 is currently sampled quarterly to determine if contaminants detected during the RI have 

migrated, degraded through natural processes, or remain on site. The most recent sampling event 

took place in April, 2002 (Table l-l). Results from recent quarterly monitoring events are 

detailed in the 200 I Annual Report and Table l-l. 
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36GW RAA 3 includes aquifer use restrictions to prohibit future use of the aquifers within 1,000 

feet of the VOC plume. These restrictions prevent the aquifers from being used as al potable 

water source. In addition, an intrusive activity boundary will also be included for the VOC plume 

area. These restrictions will be implemented through modifications of the Base Master Plan and 

presented in the “Notice of Inactive Hazardous Waste Disposal Site” plat maps prepared for the 

Onslow County register of deeds. These restrictions will remain in place until ii: can be 

demonstrated that the remediation goals are achieved. 

Until remediation levels are met, the NCP [40 CFR 300.430(f)(4)] required that the lead agency 

review the effects of this alternative at least once every five years. 

4.2 Site 43 

RAAs for Site 43 were developed by combining the remedial action technologies and1 process 

options selected for the site in Section 3.0. Three RAAs were developed to address soil 

contamination detected at Site 43. These include the no action RAA for soil and two RAAs to 

address localized areas of soil contamination. The no action RAA for groundwater is presented in 

Section 4.2.4. 

These RAAs represent a wide range of response actions, remediation goals, land use controls, and 

remediation costs. A summary table that presents a description, allowable land uses, land use 

controls required, and cleanup goals for each RAA is provided as Table 4- 1. 

4.2.1 43s RAA 1: No Action 

Under the no action RAA, no physical remedial actions will be performed to reduce the toxicity, 

mobility, or volume of contaminants identified in soil at Site 43. In addition, no land use: controls 

such as aquifer use restrictions or land use restrictions will be implemented at the site. The no 

action alternative is required by the NCP to provide a baseline for comparison with other RAAs 

that provide a greater level of response. 

Although this RAA does not involve physical remediation, remediation of the soil contamination 

is expected to occur over time via natural attenuation of contaminants. These processes include 

naturally occurring biodegradation, volatilization, dilution, leaching, adsorption, and chemical 

reactions between subsurface materials. Under the No Action RAA, however, no means are 

provided to monitor or confirm the natural remediation process. 
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Since contaminants will remain at Site 43 under this RAA, the NCP [40 CFR 300.430(f)(4)] 

requires the lead agency to review the effects of this alternative at least once every five years. 

4.2.2 43s RAA 2: Capping 

43s RAA 2 is recommended for future residential land uses such as housing, schools, parks, or 

office locations. The remediation goal for this RAA is to remove the localized PAH limpacted 

areas. For estimating purposes in this FS, the USEPA Region IX Residential PRGs for PAHs 

were used to calculate the capping areas (see Table 2-10). 

Under this RAA all localized areas of PAH contamination would be capped. The areas to be 

capped for this RAA can be seen in Figure 4-5. 

The total area to be capped is approximately 0.16 acres. The soil cover will consist of 12 inches 

of clean backfill and six inches of topsoil. A soil cap will mitigate dermal exposure and will 

control erosion and migration of contaminated soil. However, a soil cap will not minimize 

surface water infiltration and therefore does not protect the groundwater. The cap will be 

contoured so as to control erosion and sedimentation, and will be compacted and vegetated with 

native grasses and plant species. It is assumed that clean backfill can be obtained from an on- 

Base borrow source and that topsoil will be purchased from an off-site source. The calp will be 

inspected periodically to ensure that integrity is maintained. Cap restoration will be performed, 

as needed, based upon inspection results. For costing purposes, it is assumed that inspections and 

maintenance will be conducted annually. 

Following placement of the soil cap, all disturbed areas would be revegetated with native grasses 

and plant species to control erosion. Access roads or other infrastructure that are disturbed or 

destroyed in the capping process would be restored to original conditions. 

Because contaminated soil that poses a potential human health risk will remain at the t;ite, land 

use controls will be required for this alternative. Land use controls will include restrictions on 

intrusive activities at the site (e.g., excavation, installation of wells, or construction) other than for 

monitoring or future remediation purposes. These restrictions will be implemented through 

modifications of the Base Master Plan and presented in the “Notice of Inactive Hazardous Waste 

Disposal Site” plat maps prepared for the Onslow County register of deeds. These restrictions 

will remain in place until it can be demonstrated that the remediation goals are achieved. 
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4.2.3 43s RAA 3: Excavation and Off-Site Disposal 

For 43s RAA 3, all localized areas of PAH contamination would be excavated and removed. The 

excavation area for this option can be seen in Figure 4-6 and the total volume for site-wide 

excavation is approximately 750 CY. 

Confirmatory sampling will take place to ensure that all contaminants exceeding screening 

criteria have been excavated. Samples will be analyzed for PAHs. The excavated soils will be 

transported to the Base landfill for proper disposal. 

Following the excavation operation, the site would be restored by placing clean backfill (assumed 

to be from an on-Base borrow area) to bring the site back to it’s original grade. All disturbed 

areas would be revegetated with native grasses and plant species to control erosion. Access roads 

or other infrastructure that are disturbed or destroyed in the excavation process would be restored 

to original conditions. 

Groundwater 

4.2.4 43GW RAA 1: No Action 

Under the no action RAA, no physical remedial actions will be performed to reduce the: toxicity, 

mobility, or volume of contaminants identified in groundwater at Site 43. In addition, no land use 

controls such as aquifer use restrictions or land use restrictions will be implemented at the site. 

At Site 43, inorganics (particularly iron and manganese) were the most prevalent and widely 

distributed constituent detected. Although some samples exceeded the NCWQS, iron and 

manganese are naturally occurring and are often found in high concentrations throughout MCB, 

Camp Lejeune. It is unlikely that these inorganics are a result of previous site practices. Also, 4- 

methylphenol was detected at 2 pg/L in a sample from temporary monitoring well 43-TW04. 

This is less than the NCWQS interim standard of 3.5 pg/L. No other organic compounds were 

detected among groundwater samples. Therefore, groundwater at the site requires no further 

action. 
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Since contaminants will remain at Site 43 under this RAA, the NCP [40 CFR 300.430(f)(4)] 

requires the lead agency to review the effects of this alternative at least once every five years. 

4.3 44 Site 

Two RAAs were developed to address soil and groundwater at Site 44. These are the no action 

RAA for soil and groundwater. Since soil and groundwater detections are below remediation 

goals, there is no need for further remedial action at this site. A summary table for each RAA is 

provided as Table 4- 1. 

Soil 

4.3.1 44s RAA 1: No Action 

Under the no action RAA, no physical remedial actions will be performed to reduce the toxicity, 

mobility, or volume of contaminants identified in soil at Site 44. In addition, no land use controls 

such as aquifer use restrictions or land use restrictions will be implemented at the site. The no 

action alternative is required by the NCP to provide a baseline for comparison with other RAAs 

that provide a greater level of response. 

Although this RAA does not involve physical remediation, remediation of the soil contamination 

is expected to occur over time via natural attenuation of contaminants. These processes include 

naturally occurring biodegradation, volatilization, dilution, leaching, adsorption, and chemical 

reactions between subsurface materials. Under the No Action RAA no means are provided to 

monitor or confirm the natural remediation process. 

Since contaminants will remain at Site 44 under this RAA, the NCP [40 CFR 300.430(f)(4)] 

requires the lead agency to review the effects of this alternative at least once every five years. 
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Groundwater 

4.3.2 44GW RAA 1: No Action 

Under the no action RAA, no physical remedial actions wili be performed to reduce the toxicity, 

mobility, or volume of contaminants identified in groundwater at Site 44. In addition, no land use 

controls such as aquifer use restrictions or land use restrictions will be implemented at the: site. 

At Site 44 there were 11 detections of VOCs and SVOCs, however only one exceeded standards. 

Temporary monitoring well 44-TWO1 had a concentration of vinyl chloride of 10 pg/L which 

exceeds the NCWQS of 0.015 pg/L. Vinyl chloride was not detected in any other monitoring 

wells on site, only in surface water samples. This temporary well was installed in a low lying 

area and it is thought that contaminants may have migrated from the surface water to the 

groundwater during periods of seasonal flooding. There were many exceedences; of the 

inorganics iron and manganese throughout the site. However, these inorganics are considered to 

be naturally occurring and not attributed to past site operations. Therefore, groundwater at this 

site requires no further action. 

Since contaminants will remain at Site 44 under this RAA, the NCP [40 CFR 300.430(f)(4)] 

requires the lead agency to review the effects of this alternative at least once every five years. 

4.4 54 Site 

RAAs were developed by combining the remedial action technologies and process options 

selected for Site 54 in Section 3.0. Three RAAs were developed to address soil and groundwater 

at Site 54. These include the no action RAAs for soil and groundwater and a monitoring 

alternative to address lead contamination in groundwater. A summary table that presents a 

description, allowable land uses, land use controls required, and cleanup goals for each RAA is 

provided as Table 4-l. 

Soil 

4.4.1 54s RAA 1: No Action 

Under the no action RAA, no physical remedial actions wiil be performed to reduce the toxicity, 

mobility, or volume of contaminants identified in soil at Site 54. In addition, no land use controls 

or land use restrictions will be implemented at the site. 
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In April 2001, a soil removal action was completed at the Crash Crew Fire Training Burn Pit at 

Site 54. A total of 4,960 cubic yards (6,461 tons) of PAH impacted soils were e:xcavated, 

managed and disposed of during the project. Confirmatory soil samples were collected1 from the 

walls of the excavation at eight locations. One sample of groundwater at the bottom of the 

excavation was also collected. Each sample was analyzed for PAHs and all of the samples were 

non detect for PAHs (OHM, 200 1). 

Following the removal action, no contaminants exceed cleanup goals of North Carolina Soil to 

Groundwater criteria in soil at Site 54. Therefore, no further remedial action is needed to address 

soil contamination at the site. 

Groundwater 

4.4.2 54GW RAA 1: No Action 

Under the no action RAA, no physical remedial actions will be performed to reduce the toxicity, 

mobility, or volume of contaminants identified in groundwater at Site 54. In addition, no land use 

controls such as aquifer use restrictions or land use restrictions will be implemented at the site. 

Although this RAA does not involve physical remediation, remediation of the groundwater 

contamination may occur over time via natural attenuation of contaminants. These processes 

include naturally occurring biodegradation, volatilization, dilution, leaching, adsorption, and 

chemical reactions between subsurface materials. Under the No Action RAA, however, no means 

are provided to monitor or confirm the dilution of lead in the aquifer. 

Since contaminants will remain at Site 54 under this RAA, the NCP 140 CFR 300.430(f)(4)] 

requires the lead agency to review the effects of this alternative at least once every five years. 

4.4.3 54GW RAA2: Institutional Controls and Monitoring 

Under 54GW RAA 2, no physical remedial actions will be conducted to reduce the toxicity, 

mobility, or volume of the groundwater contaminants at Site 54. Dilution or dispersi,on of the 

lead may occur in the aquifer as the contaminant source was removed during the April 2001 

removal action. 
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The primary component of 54GW RAA 2 is a monitoring program. The monitoring program for 

this RAA will include only groundwater sampling. Groundwater samples will include laboratory 

analysis of lead. During the RI in 1995, only one groundwater sample exceeded the NCWQS of 

IS&L for lead. This was in monitoring well 54-GW02 at a concentration of 39.7 l&/L. It is 

possible that lead in the groundwater has already diluted to meet State standards. However, 

groundwater monitoring will be implemented to confirm this theory and to demonstrate four 

quarters of sampling with no exceedences of the NCWQS standards. 

Figure 4-7 identifies the well (54-GW02) that will be used to monitor lead concentrations. For 

this RAA, one existing well will be sampled. For cost estimating purposes, 1 year of quarterly 

sampling is assumed followed by 1 year of semi-annual sampling for a total of 2 years of 

monitoring. 

Site 54 is currently sampled quarterly to determine if contaminants detected during the RI have 

migrated, degraded through natural processes, or remain on site. The most recent sampling event 

took place in April, 2002. Results from recent quarterly monitoring events are detailed in the 

2001 Annual Report and in Table l-6. 

54GW RAA 2 includes aquifer use restrictions to prohibit future use of the aquifer wit.hin 1,000 

feet of the lead plume. These restrictions prevent the aquifer from being used as a potable water 

source. In addition, an intrusive activity boundary will also be included for the lead plume area. 

These restrictions will be implemented through modifications of the Base Master Plan and 

presented in the “Notice of Inactive Hazardous Waste Disposal Site” plat maps prepared for the 

Onslow County register of deeds. These restrictions will remain in place until it can be 

demonstrated that the remediation cleanup goals are achieved. 

Until remediation levels are met, the NCP [40 CFR 300.430(f)(4)] requires that the lead agency 

review the effects of this alternative at least once every five years. 

4.5 Screeniw of Remedial Action Alternatives 

Typically, this section of the FS presents the initial screening of the potential RA,4s. The 

objective of this screening is to make comparisons between similar alternatives so that only the 

most promising ones are carried through for further evaluation (USEPA, 1988). This screening is 
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an optional step in the FS process and is usually conducted if there are too many RAAs to carry 

through to detailed evaluations. In order to preserve a wide range of possible options for 

LANTDIV and the Base to consider, further screening of alternatives was not conducted. Every 

alternative for each individual site will be carried forward for the detailed evaluation. 

/r--T 
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5.0 DETAILED ANALYSIS OF REMEDIAL ACTION ALTERNATIVES 

This section presents the detailed analysis of the remedial action alternatives that were developed 

in Section 4.0. Section 5.1 presents an overview of evaluation criteria that will be used in the 

detailed analysis. Sections 5.2 through 5.5 present the individual analyses of remed.ial action 

alternatives, and the comparative analysis of remedial action alternatives, for each individual site. 

This detailed analysis has been conducted to provide sufficient information to compare the 

alternatives, select an appropriate remedy for the sites, and demonstrate satisfaction of the 

CERCLA remedy selection requirements in the Record of Decision (ROD). The extent to which 

alternatives are assessed during the detailed analysis is influenced by the available data, the 

number and types of alternatives being analyzed, and the degree to which alternatives were 

previously analyzed during their development and screening (USEPA, 1988). 

The detailed analysis of alternatives was conducted in accordance with the “Guidance for 

Conducting Remedial Investigations and Feasibility Studies Under CERCLA” (USEPA, 1988) 

and the NCP, including the February 1990 revisions. In conformance with the NCP, seven of the 

following nine criteria were used for the detailed analysis: 

l Overall protection of human health and the environment 

l Compliance with ARARs 

l Long-term effectiveness and permanence 

l Reduction of toxicity, mobility, or volume through treatment 

. Short-term effectiveness 

. Implementability 

. cost 

. State acceptance (not evaluated at this time) 

. Community acceptance (not evaluated at this time) 

State acceptance and community acceptance will be evaluated in the ROD by addressing 

comments received after the NC DENR (State) and the Restoration Advisory Board ([RAB] 

public representatives) have reviewed the FS and Proposed Remedial Action Plan (PRAP). 
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5.1 Overview of Evaluation Criteria 

The following paragraphs describe the evaluation criteria that are used in the detailed analysis. 

Overall Protection of Human Health and the Environment: Overall protection of human health 

and the environment is the primary criteria that a remedial action must meet. A remedy is 

considered protective if it adequately eliminates, reduces, or controls all current and pot.ential site 

risks posed through each exposure pathway at the site. A site where hazardous substances remain 

without engineering or institutional controls allows for unlimited exposure for human and 

environmental receptors. Adequate engineering controls, institutional controls, or some 

combination of the two, can be implemented to control exposure and thereby ensure reliable 

protection over time. In addition, implementation of a remedy cannot result in unalcceptable 

short-term risks or cross-media impacts on human health and the environment. 

Compliance with Applicable or Relevant and Appropriate Requirements (ARARS): Compliance 

with ARARs is one of the statutory requirements for remedy selection. Alternatives are 

developed and refined throughout the FS process to ensure that they will meet all ARA:Rs or that 

there is a sound rationale for waiving an ARAR. During the detailed analysis, the alternatives 

will be analyzed based on federal and state contaminant-specific, action-specific, and location- 

specific ARARs that were presented in Section 2.0 of this FS. 

Long- Term Eflectiveness and Permanence: This criterion reflects CERCLA’s emphasis on 

implementing remedies that will ensure protection of human health and the environment over the 

long term. In evaluating alternatives for their long-term effectiveness and the degree of 

permanence they afford, the analysis will focus on the residual risks present at the site after the 

completion of the remedial action. The analysis will also include consideration of the following: 

l Degree of threat posed by the hazardous substances remaining at the site. 

. Adequacy of any controls (e.g., engineering and institutional controls) used to manage 

the hazardous substances remaining at the site. 

0 Reliability of those controls. 
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. Potential impacts on human health and the environment, should the remedy fail, based on 

assumptions included in the reasonable maximum exposure scenario. 

Reduction of Toxicity, Mobility, or Volume Through Treatment: This criterion addresses the 

statutory preference for remedies that employ treatment as a principal element. The criterion 

ensures that the relative performance of the various treatment alternatives in reducing the toxicity, 

mobility, or volume will be assessed. Specifically, the analysis will examine the magnitude, 

significance, and irreversibility of reductions. 

Short-Term Effectiveness: This criterion examines the short-term impacts associ,ated with 

implementing the alternative. For example, implementation may impact the neighboring 

community, workers, or the surrounding environment. Short-term effectiveness also includes 

potential threats to human health and the environment associated with the excavation, treatment, 

and transportation of hazardous substances, the potential cross-media impacts of the rernedy, and 

the time required to achieve protection of human health and the environment. Potential 

disruption of ecosystems must also be considered. 

Implementability: Implementability considerations include the technical and administrative 

feasibility of the alternatives, as well as the availability of goods and services (including 

treatment, storage,. or disposal capacity) associated with the alternative. Implementability 

considerations often affect the timing of remedial actions (e.g., limitations on the season in which 

the remedy can be implemented, the number and complexity of material handling steps, and the 

need to secure technical services). On-site activities must comply with the substantive portions of 

applicable permitting regulations. 

cost: Implementation costs include all capital costs and annual operation and maintenance 

(O&M) costs incurred over the life of the project. The focus during the detailed analysis is on the 

present worth of these costs. Costs are used to select the most cost-effective alternative that will 

achieve the remedial action objectives. In accordance with USEPA guidance (USEPA, 1988), the 

cost estimates will have an accuracy of -30 to +50 percent. The exact accuracy of leach cost 

estimate depends upon the assumptions made and the availability of costing information. The net 

present worth costs are calculated assuming a five percent discount factor and a zero percent 

inflation rate. 
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State Acceptance: This criterion reflects the statutory requirement to provide for state 

involvement. For this project, and other MCB Camp Lejeune projects, state involvement is 

achieved throughout the remedial process through Partnering activities. State comments will be 

addressed during the development of the FS, the PRAP, and the ROD, as appropriate. 

Community Acceptance: This criterion addresses the community’s comments on the remedial 

alternatives under consideration, where “community” is broadly defined to include all interested 

parties. Community comments are taken into account throughout the remedial procelss during 

periodic RAB meetings; however, formal public comment will not be received until after the 

public comment period for the PRAP. 

5.2 Site 36 

5.2.1 Individual Analysis of Alternatives 

The following subsections present the detailed analysis of RAAs for Site 36 on an individual 

basis. This individual analysis includes a brief description of each RAA followed by an 

assessment of how well the RAA performs against the evaluation criteria. 

Soil 

5.2.1.1 36s RAA 1: No Action 

Under the no action alternative, soil at Site 36 will remain as is. No physical remedial actions 

will be implemented. 

Overall Protection of Human Health and the Environment: Under 36s RAA 1, no physical 

remedial actions will be implemented to control potential exposure pathways or to reduce 

contaminant concentrations in soils. As a result, there will be no measurable redluction in 

potential human health or environmental risks. 

Compliance with ARARs: Under 36s RAA 1, no active effort will be made to reduce contaminant 

Levels to below federal and state chemical-specific ARARs. Over an indefinite period of time, 

however, passive remediation, in the form of natural attenuation processes, may reduce PAM, 
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pesticide and lead levels to below ARARs. No action-specific or location-specific ARARs apply 

to the no action alternative. Because contaminants will remain on site at levels exceeding 

requirements established by ARARs, 36s RAA 1 will require five-year reviews to ensure that 

adequate protection of human health and the environment is maintained. 

Long-Term Effectiveness and Permanence: Under the no action alternative, any long-term or 

permanent effect on contaminant levels will depend on the effectiveness of natural attenuation. 

The extent to which natural attenuation may reduce contaminant levels, and the time it ,will take, 

are difficult to predict. 

Reduction of Toxici& Mobility, or Volume through Treatment: The no action alternative does not 

provide physical treatment processes for toxicity, mobility, or volume reduction of contaminated 

soil or sediment. Although passive treatment processes (i.e., natural attenuation) may eventually 

provide toxicity and volume reduction of the contaminated soil and sediments, the extent to 

which natural attenuation may reduce contaminant toxicity and volume is difficult to predict. 

Although 36s RAA 1 provides no means of measurement, this alternative may in time s.atisfy the 

statutory preference for treatment through natural attenuation. 

Short-Term Efictiveness: As there are no physical remedial action activities associated with 36s 

RAA 1, there are no increased short-term potential risks to workers or the community. Also, 

there will be no additional short-term environmental impacts. 

Implementability: The no action alternative is easily implemented since no additional 

construction or operation activities will be conducted. In terms of administrative feasib.ility, 36s 

RAA 1 should not require additional coordination with other agencies, although a waiver of the 

state ARARs may be required since contaminants exceeding these ARARs will be left on-site 

indefinitely. The availability of services, materials, and/or technologies is not applicable to this 

alternative. 

Cost: There are no capital costs or O&M costs associated with this alternative. Therefore, the 

net present worth (NPW) is $0. 
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5.2.1.2 36s RAA 2:Cappina and Institutional Controls for Lead Contaminated Areas 

In 36s RAA 2, localized areas of PAH and pesticide contamination will be capped (Figure 4-l). 

At completion, these areas would be designated for residential land use. Land use controls will 

be implemented, however, as contaminants will remain on site. Exposure to lead contamination 

on site would also be controlled. Areas of lead contamination in soil greater than the EPA action 

level of 400 ppm would be restricted via institutional controls. This includes future land use 

restrictions and excavation restrictions. 

Overall Protection of Human Health and the Environment: 36s RAA 2 involves capping of 

contaminated soils, therefore, this RAA will reduce potential risks to human healthr and the 

environment. The capping alternative will prevent human and ecological receptors frorn coming 

into contact with PAH and pesticide soil contaminants. These localized areas of contamination 

will be covered with one foot of clean backfill and 6 inches of topsoil. With proper maintenance 

of the soil cover, human health and the environment will be protected under this alternative. 

Institutional controls will include excavation restrictions that will be implemented at tlhe site to 

protect the cap against possible intrusive activities. 

This RAA also provides institutional controls that reduce potential risks to human health and the 

environment from exposure to lead contaminated areas. In designating areas for land use 

controls, the exposure pathways for lead at this site are controlled. Therefore, potential 

residential receptors are appropriately protected because institutional controls limit future land 

use to industrial uses such as a non-office warehouse, equipment storage area, or electrical 

substation. As contaminated soils may remain on site, excavation restrictions will be 

implemented at the site to prevent possible exposure to contaminated soil during intrusive 

activities. 

Compliance With ARARs: Chemical-specific ARARs will be met in this alternative. Localized 

areas of PAH and pesticide contamination will be capped, and areas of soil contamination that 

exceed the EPA residential directive of 400 ppm will be protected via institutional controls. 

Several potential location-specific and action-specific ARARs identified for this site may be 

applicable or relevant and appropriate under this RAA because the alternative may include earth 

moving and capping activities and because the alternative includes contaminants that will remain 

on site. Activities at the site will be implemented such that all ARAR requirements are met. 
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Long-Term I@ctiveness and Permanence: A soil cover will be effective for protecting human 

health and the environment in the long term if the cap is properly maintained. The soil cover will 

prevent human and ecological exposure to contaminated soils provided that the soil cover is 

properly installed and maintained. Capping will have a lower level of long-term effectiveness 

than excavation, but is appropriate for the low levels of contamination found at this site. 

Land use controls would restrict future intrusive activities (e.g., excavation, installation of wells, 

or construction, other than for future remediation purposes) and the site would be restricted to 

future industrial land uses in the lead contaminated areas. These restrictions would be permanent. 

Reduction of Toxicity, Mobility, or VoEume Through Treatment: The toxicity of contaminants will 

not be reduced by this alternative because the contaminants will not be transformed into less toxic 

forms or destroyed by any physical, chemical, or thermal process. Although capping is not a 

treatment technology, the toxicity of Site 36 soil will be reduced because receptor pathways will 

be reduced. The mobility of contaminants will be reduced because the soil cover will prevent 

wind and water erosion, thereby preventing contaminated soil from migrating via sedirnentation 

and erosion processes. However, soluble contaminants could leach due to infiltration of 

rainwater through the soil cover. 

Institutional controls will also not reduce the toxicity, mobility, or volume of contaminants 

through treatment because land use and excavation restrictions are not treatment technologies. 

However, reduction of exposure pathways to the soil will eliminate the availability of 

contaminants to human or ecological receptors. There will be a reduction in mobility of 

contaminants that exceed clean-up goals at the site because contaminated soils will be restricted 

from invasive activities that may cause contaminant exposure or migration. The volume of the 

contaminated soil at the site will not be reduced because the soil will remain on the site. 

Therefore, the mobility and toxicity of contaminants at the site will be reduced, even though the 

contaminated soil itself will not be affected through treatment. 

Short-Term EfSectiveness: In the short-term, construction workers and ecological receptors may 

be exposed to disturbed contaminated soils. Exposure to human health and the environment will 

be minimized by the proper use of personal protective equipment, erosion and sediment control 

measures, and dust controls. Ecological habitats may be destroyed through clearing, however the 

area will be revegetated and habitats will be restored. It is estimated that the capping can be 
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implemented in less than one year, however revegtation may take longer to establish pre-capping 

conditions. Upon completion, this alternative will be effective for protecting human health and 

the environment. 

Implementability: This alternative is easily implemented because no active treatment tedhnologies 

will be used. Prior to capping, the site may need to be cleared as it is heavily vegetated in some 

areas. Commonly used earth moving equipment and site work procedures will be emlployed to 

place, contour and seed the clean backfill and topsoil. 

Cost: Estimated capital and O&M costs for 36s RAA 2 are presented on Table 5;-1. The 

estimated total net present worth cost for 36s RAA 2 is $188,000. 

5.2.1.3 36s RAA 3: Excavation and Off-Site Disposal and Institutional Controls for Lead 

Contaminated Areas 

36s RAA 3 involves the excavation of localized areas of PAH and pesticide contamination 

(Figure 4-2). Confirmatory sampling will take place to ensure that all contaminants exceeding 

remediation goals have been excavated. Samples will be analyzed for pesticides and PAHs. 

Excavated soils would be transported the Base landfill for proper disposal. FoIlawing the 

excavation operation, the site would be restored to pre-excavation conditions by revegetating the 

excavation areas. 

Land use controls will be implemented, however, as contaminants will remain on site. Pathways 

to exposure of lead contamination on site would also be controlled. Areas of lead contamination 

in soil greater than the EPA action level of 400 ppm would be designated with institutional 

controls. This includes future land use restrictions and excavation restrictions. 

Overall Protection of Human Health and the Environment: Because 36s RAA 3 involves 

excavation and off-site disposal of contaminated soils, this RAA will reduce potential risks to 

human health and the environment. Exposure pathways are eliminated with the site-wide 

excavation of contaminants that exceed residential cleanup levels. Ecological risk will also be 

eliminated in areas of the site that are excavated. 
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This alternative also provides institutional controls that reduce potential risks to human health and 

the environment. In designating areas for land use controls, the exposure pathways for lead 

exceeding residential land use criteria for this site are controlled. Therefore, potential Iresidential 

receptors are appropriately protected because institutional controls limit future land use in lead 

contaminated areas to industrial uses. As contaminated soils remain on site, excavation 

restrictions will be implemented at the site to prevent possible exposure to contaminated soil 

during intrusive activities. 

Compliance With ARARs: In 36s RAA 3, localized areas of PAH and pesticide contamination are 

removed from the site. Several potential location-specific and action-specific ARARs identified 

for this site will be applicable or relevant and appropriate under this RAA because the alternative 

includes earth moving, transport, and disposal activities. 

Chemical-specific ARARs will also be met through institutional controls because areas of soil 

contamination that exceed the OSWER directive for lead will be designated with intrusive 

activity controls. Several potential location and action-specific ARARs identified for this site 

will be applicable or relevant and appropriate under this RAA because the alternative includes 

contaminants that will remain on site. Activities at the site will be implemented such that all 

ARAR requirements will be met. 

Long-Term Effectiveness and Permanence: The excavation and disposal alternative will be an 

effective and permanent remedial action. The contaminated soil will be removed from the site 

and placed in an off-site disposal facility where contact with human and ecological receptors will 

be eliminated. This alternative will be effective in the long-term because PAH and pesticide 

contamination will be permanently removed from Site 36 and will no longer pose a potential risk 

to human health or the environment. Land use controls for lead would restrict future intrusive 

activities (e.g., excavation, installation of wells, or construction, other than for future remediation 

purposes) and the site would be restricted to future industrial land uses in lead contaminated 

areas. These restrictions would be permanent. 

Reduction of Toxicity, Mobility, or Volume through Treatment: Neither toxicity, mobility, nor 

volume of contaminants will be reduced through treatment of this alternative because no 

treatment technologies will be used. However, the physical removal of the soil will eliminate the 

availability of contaminants to human or ecological receptors. Similarly, there will be no 
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mobility of contaminants that exceed cleanup goals at the site because they will be removed. The 

volume of the contaminated soil will not be reduced, but the soil will be removed from the site. 

Therefore, the volume, mobility, and toxicity of PAH and pesticide contaminants at the site will 

be reduced, even though the contaminated soil itself will not be treated. 

Institutional controls will not reduce the toxicity, mobility, or volume of contaminants through 

treatment because land use and excavation restrictions are not treatment technologies. However, 

reduction of exposure pathways to the soil will eliminate the availability of contaminants to 

human or ecological receptors. There will be a reduction in mobility of contaminants that exceed 

clean-up goals at the site because contaminated soils will be restricted from invasive activities 

that may cause contaminant exposure or migration. The volume of the contaminated :soil at the 

site will not be reduced because the soil will remain on the site. Therefore, the mobility and 

toxicity of contaminants at the site will be reduced, even though the contaminated soil itself will 

not be affected through treatment. 

Short-Term Eflectiveness: In the short-term, construction workers and ecological receptors may 

be exposed to disturbed contaminated soil. Exposures to human health and the environment will 

be minimized by the proper use of personal protective equipment, erosion and sediment control 

measures, and dust controls. This alternative can be implemented in less than one year. Upon 

completion, this alternative will be effective for protecting human health and the environment. 

Implementability: This alternative is easily implemented because no active treatment technologies 

will be used. The excavation areas may need to be cleared prior to excavation due to heavy 

vegetation at the site. Also, underground utility lines will need to be located prior to excavation. 

Commonly used earth moving equipment and site work procedures will be employed to excavate 

and transport contaminated soil and to place, contour, and seed the clean backfill and topsoil. 

Cost: Estimated capital and O&M costs for 36s RAA 3 are presented on Table 5-2. The 

estimated total net present worth cost for 36s RAA 3 is $200,000. 
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Groundwafer 

5.2.1.4 36GW RAA 1: No Action 

Under the no action alternative, groundwater at Site 36 will remain as is. No physical remedial 

actions will be implemented. 

Overall Protection of Human Health and the Environment: Under 36GW RAA 1, no physical 

remedial actions will be implemented to control potential exposure pathways or to reduce 

contaminant concentrations in groundwater. As a result, there will be no measurable reduction in 

potential human health or environmental risks. 

Compliance with ARARs: Under 36GW RAA 1, no active effort will be made to reduce 

contaminant levels to below federal and state chemical-specific ARARs. Over an indefinite 

period of time, however, passive remediation, in the form of natural attenuation processes, may 

reduce VOC levels to below ARARs. No action-specific or location-specific ARARs apply to the 

no action alternative. Because contaminants will remain on site at levels exceeding requirements 

established by ARARs, 36GW RAA 1 will require five-year reviews to ensure that adequate 

protection of human health and the environment is maintained. 

Long-Term Effectiveness and Permanence: Under the no action alternative, any long-term or 

permanent effect on contaminant levels will depend on the effectiveness of natural attenuation. 

The extent to which natural attenuation may reduce contaminant levels, and the time it will take, 

are difficult to predict. 

Reduction of Toxic@, Mobility or Volume through Treatment: The no action alternative does not 

provide physical treatment processes for toxicity, mobility, or volume reduction of contaminated 

groundwater. Although passive treatment processes (i.e., natural attenuation) may eventually 

provide toxicity and volume reduction of the contaminated groundwater, the extent to which 

natural attenuation may reduce contaminant toxicity and volume is difficult to predict. Although 

36GW RAA 1 provides no means of measurement, this alternative may in time satisfy the 

statutory preference for treatment through natural attenuation. 
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Short-Term Efictiveness: As there are no physical remedial action activities associated with 

36GW RAA I, there are no increased short-term potential risks to workers or the community. 

Also, there will be no additional short-term environmental impacts. 

Implementability: The no action alternative is easily implemented since no additional 

construction or operation activities will be conducted. In terms of administrative f;easibility, 

36GW RAA 1 should not require additional coordination with other agencies, although a waiver 

of the state ARARs may be required since contaminants exceeding these ARARs will be left on- 

site indefinitely. The availability of services, materials, and/or technologies is not applicable to 

this alternative. 

Cost: There are no capital costs or O&M costs associated with this alternative. Therlefore, the 

net present worth (NPW) is $0. 

5.2.1.5 36GW RAA 2: Enhanced Natural Attenuation 

Overall Protection of Human Health and the Environment: Under 36GW RAA 2, HRC will be 

injected into the surficial aquifer to expedite the natural attenuation process and reduce 

groundwater contamination. Treatment via natural attenuation processes will be relied upon to 

further reduce contaminant levels. An additional component of 36GW RAA 2 is a long-term 

groundwater and surface water monitoring program. Surface water samples will be analyzed for 

VOCs. Groundwater samples will be analyzed for VOCs and natural attenuation parameters. 

These parameters will indicate the type of natural biodegradation that is occurring in the aquifer, 

and the amount of contaminant reduction that has occurred over time and can be expected in the 

future. Sampling results will also help to determine if additional HRC injection is necessary. 

36GW RAA 2 includes aquifer use restrictions to prohibit future use of the aquifers as a potable 

water source, and an intrusive activity boundary within the VOC area. 

Compliance with ARARs: Under 36GW RAA 2, HRC injection will enhance natural attenuation 

processes to reduce contaminant levels to below chemical-specific ARARs. Natural attenuation 

processes are expected to eventually achieve these ARARs. No action-specific or location- 

specific ARARs apply to this alternative. 

5-12 



Long-Term Efictiveness and Permanence: Allowing for enhanced natural attenuation of 

groundwater is a feasible solution because sampling results indicate that contamination is not 

entering Brinson Creek and the chlorinated solvent contamination appears to already be naturally 

attenuating. Through monitoring and aquifer use restrictions, 36GW RAA 2 provides a rneans for 

observing contaminant concentrations over time and prohibiting future potable use of the aquifer. 

As a result, 36GW RAA 2 will ensure the safety of potential receptors over time and will provide 

long-tern effectiveness and permanence. Five-year reviews will also be required to ensure that 

adequate protection of human health and the environment is maintained. 

Reduction of Toxicity, Mobility, or Volume Through Treatment: 36GW RAA 2, enhance:d natural 

attenuation, includes an injection of HRC into the surficial aquifer to reduce the toxicity, mobility 

or volume of contaminated groundwater through treatment. Reduction in contaminant 

concentration is expected to continue through the natural attenuation process. Toxicity of the 

contaminants will naturally be reduced to cleanup levels through biodegradation. 

Short-Term Effectiveness: Under 36GW RAA 2, the only activities that may increase risk to the 

community or to workers include monitoring well installation, Geoprobe injection of HRC into 

the surficial aquifer and periodic groundwater and surface water sampling. However, proper 

handling procedures and personal protective equipment should protect the community and 

workers from these risks. No additional environmental impacts will be caused by thlis RAA. 

Although the time required for the groundwater to naturally attenuate to cleanup goals is 

unknown, two years has been approximated in the cost estimate. 

Implementability: 36GW RAA 2 is fairly easily implemented. The required monitoring well 

installation, Geoprobe HRC injection, groundwater and surface water sampling and ordinance 

procurement are standard practices. This alternative will not require coordination with other 

agencies. Annual reports must be submitted to document the sampling process. All required 

services, materials, or technologies should be readily available. 

Cost: Estimated capital and O&M costs for 36GW RAA 2 are presented on Table 5-3. The 

estimated total net present worth cost for 36GW RAA 2 is $691,000. 
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5.2.1.6 36GW RAA 3: Monitored Natural Attenuation 

Under 36GW RAA 3, no physical remedial actions will be implemented for the surficial aquifer 

contamination. Instead, treatment via natural attenuation processes will be relied upon to reduce 

contaminant levels. The main component of 36GW RAA 3 is a long-term groundwater and 

surface water monitoring program. Groundwater samples will be analyzed for VOCs and natural 

attenuation parameters. These parameters will indicate the type of natural biodegradation that is 

occurring in the aquifer, and the amount of contaminant reduction that has occurred over time and 

can be expected in the future. Surface water samples will be analyzed for VOCs. 36GW RAA 3 

includes aquifer use restrictions to prohibit future use of the aquifers as a potable water source 

and an intrusive activity boundary for the VOC plume area. 

Overall Protection of Human Health and the Environment: Under 36GW RAA 3, contaminants 

in the surficial aquifer will remain on-site. However, these contaminants do not appear to be 

adversely affecting human health or the environment. Since both TCE and its daughter products 

(1,2-DCE) and vinyl chloride have been detected at the site, the contamination already appears to 

be naturally attenuating. Also, volatile contaminants do not appear to be impacting, Brinson 

Creek. Surface water sampling has not detected any VOC contamination in the creek. Therefore, 

during the natural attenuation process, it is not expected that contaminants would impact Brinson 

Creek. Based on this information, additional physical groundwater treatment is not necessary to 

provide a solution for the surficial aquifer. 36GW RAA 3 ensures the protection of human health 

and the environment through natural attenuation, monitoring and aquifer use restrictions. Thus, 

36GW RAA 3 will mitigate the potential for direct exposure, and provide overall protection of 

human health and the environment. 

Compliance with ARARs: Under 36GW RAA 3, no physical effort will be made to enhance or 

reduce contaminant levels to below chemical-specific ARARs. Natural attenuation processes, 

however, are expected to eventually achieve these ARARs. Thus, 36GW RAA 3 has the potential 

to remediate the groundwater over an extended period of time. No action-specific or location- 

specific ARARs apply to this alternative. 

Long-Term Efictiveness and Permanence: Allowing the groundwater to naturally attenuate is a 

feasible and reasonable solution because sampling results indicate that contamination is not 

entering Brinson Creek and the chlorinated solvent appears to already be naturally attenuating. 
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Through monitoring and aquifer use restrictions, 36GW RAA 3 provides a means for (observing 

contaminant concentrations over time and prohibiting future potable use of the aquifer. As a 

result, 36GW RAA 3 will ensure the safety of potential receptors over time and will provide long- 

tern effectiveness and permanence. Five-year reviews will also be required to ensure that 

adequate protection of human health and the environment is maintained. 

Reduction of Toxicity, Mobil& or Volume Through Treatment: 36GW RAA 3, monitored natural 

attenuation, does not provide any treatment to reduce the toxicity, mobility or volume of 

contaminated groundwater through treatment. However, reduction is expected through the 

natural attenuation process. Toxicity of the contaminants will naturally be reduced to cleanup 

levels through biodegradation. 

Short-Term EfSectiveness: Under 36GW RAA 3, the only activities that may increase risk to the 

community or to workers include monitoring well installation and periodic groundwater and 

surface water sampling, However, proper handling procedures and personal protective elquipment 

should protect the community and workers from these risks. No additional environmental 

impacts will be caused by this RAA. Although the time required for the groundwater to naturally 

attenuate to cleanup goals is unknown, 10 years has been approximated in the cost estimate. 

Implementability: 36GW RAA 3 is easily implemented. The required monitoring well 

installation, groundwater and surface water sampling and ordinance procurement have be:en easily 

implemented at other Operable Units at MCB Camp Lejeune. This alternative will also not 

require coordination with other agencies. Annual reports must be submitted to document the 

sampling process. All required services, materials, or technologies should be readily available. 

Cost: Estimated capital and O&M costs for 36GW RAA 3 are presented on Table 5-4. The 

estimated total net present worth cost for 36GW RAA 3 is $410,000. 

5.2.2 Comparative Analysis 

This section presents a comparative analysis of the six RAAs presented for Site 36. The: purpose 

of the comparative analysis is to identify the relative advantages and disadvantages of each RAA. 

Thus, the seven previously introduced criteria used for the detailed analysis will be the basis for 

the following comparative analysis. 
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5.2.2.1 Overall Protection of Human Health and the Environment 

Soil 

Each alternative will protect human health and the environment for the desired future land use 

with the exception of 36s RAA 1, the no action alternative. 36s RAA 3 is most protective of 

human health and the environment because in this alternative, localized areas of contamination 

are removed from the site. 36s RAA 2 offers reduced exposure pathways through capping. Both 

36s RAA 2 and 36s RAA 3 control exposure pathways for lead contamination, and accordingly 

protect human health, through future land use and excavation restrictions. However, no physical 

means will be used to protect the environment from exposure to lead contamination at Site 36. 

Groundwater 

36GW RAA 1, the no action alternative, will not reduce potential risks to human hea1t.h and the 

environment. 36GW RAAs 2 and 3 both reduce potential human health risks because of the 

aquifer use restrictions that limit future use of the aquifers as a potable water source. 36GW 

RAA 2 may achieve site cleanup goals for groundwater in a shorter time frame than the other 

alternatives. 

5.2.2.2 Compliance with ARARs 

Soil 

All of the RAAs, except for no action, meet the chemical-specific ARARs and remedial goals for 

the desired future land use, as presented in Section 2.0 of this FS. Location-specific and action- 

specific ARARs are met as applicable within each RAA. 

Groundwater 

All of the RAAs, except for no action, meet the chemical-specific ARARs and remedial goals for 

the desired future land use, as presented in Section 2.0 of this FS. Location-specific and action- 

specific ARARs are met as applicable within each RAA. 



5.2.2.3 Long-Term Effectiveness and Permanence 

Soil 

The no action alternative will not be effective over the long term in protecting human health and 

the environment because the contaminants will remain at the site and will not be contained, 

removed or treated. 36s RAA 3 will be effective in the long term because PAH and pesticide 

contamination is removed to residential land use cleanup levels or controls are in place t’o protect 

potential receptors. 36s RAA 2, a residential capping alternative, will be effective in the long 

term if the soil cover is properly maintained into the future, and land use controls will protect 

potential receptors. 

Groundwater 

The effectiveness of 36GW RAAs 1,2 and 3 depends upon how well natural attenuation reduces 

VOC contamination at the site. Although the time it will take for the site to reach cleanup levels 

is difficult to predict, 36GW RAA 2 should enhance and accelerate the natural attenuation 

process and complete it in a shorter time frame. Also, 36GW RAAs 2 and 3 include monitoring 

for progress to be observed, and aquifer use restrictions to provide future protection against 

human exposure to contaminants groundwater at the site. 36GW RAA 1 does not provide 

adequate controls to protect against future exposure to groundwater at the site. 

5.2.2.4 Reduction of Toxicitv, Mobilitv, or Volume Through Treatment 

Soil 

The no action alternative will not reduce the toxicity, mobility, or volume of contaminated soil at 

Site 36. 36s RAA 2 will reduce the mobility of PAH and pesticide contaminants but not the 

toxicity or volume of the soil itself. However, because capping will reduce contact with 

contaminated soil by human and ecological receptors, the potential toxicity will be reduced. 36s 

RAA 3 will reduce the toxicity, mobility, and volume of contaminants for the desired future land 

use through removal of contaminants from the site. 36s RAA 2 and 36s RAA 3 will not reduce 

the toxicity, mobility or volume of lead contaminated soil, but would control exposure to lead 

contaminated soils on site. 
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Groundwater 

36GW RAA 2 is an in-situ treatment process that will reduce the toxicity and volume of 

contaminants in groundwater at Site 36. The injection of HRC into the plume is considered an 

active treatment. 36GW RAAs 1 and 3 involve passive treatment through natural attenuation. It 

is expected that the toxicity and volume of contaminants in groundwater will be reduced over 

time through natural attenuation. 

5.2.2.5 Short-Term Effectiveness 

Soil 

The no action alternative is not effective for protecting human health and the environment in the 

short term. The contaminants will remain in place and will not be disturbed. 36s RAA 3 requires 

excavation of contaminated soil that could increase the exposure of construction workers and 

ecological receptors to contaminated soils in the short term. However, exposure to human health 

and the environment will be minimized by the proper use of personal protective equipment, 

erosion and sediment control measures, and dust controls. 36s RAAs 2 and 3 will be effective 

for protecting human health against lead exposure as soon as the land use controls are 

implemented. It is estimated that all the alternatives can be implemented in less than one year. 

Groundwater 

The short term effectiveness of 36GW RAAs 2 will vary due to heavy equipment (drill rigs, 

Geoprobe) being onsite, and the amount of time it will take to implement this RAA. 

Implementation of 36GW RAAs 1, 2 or 3 does not pose any substantial short term risks to the 

community or workers. The time necessary for natural attenuation to reduce site contamination 

to cleanup goals is unknown. However, it is expected that groundwater remediation under 36GW 

RAA 2 will take less time than 36GW RAAs 1 or 3. 

5.2.2.6 Imolementability 
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Soil 

The no action alternative requires no effort because no changes will be made to affect current site 

conditions. 36s RAAs 2 and 3 are more difficult to implement and require the mobilization and 

operation of specialized equipment, and more effort for planning and design. They also simply 

involve the implementation of land use controls and excavation restrictions for lead contaminated 

soils at the site. Land use controls are required for each alternative except the no action 

alternative. 

Groundwater 

The no action alternative is the easiest to implement, as it requires no operation and maintenance, 

or institutional controls. 36GW RAA 3, monitored natural attenuation, is the next most easily 

implemented, as it only requires periodic monitoring, which involves conventional services and 

equipment. 36GW RAA 2 would be the most difficult to implement. Injection wells or direct 

push methods will be necessary to inject the HRC into the contaminated groundwater. 36GW 

RAA 2 will also require periodic monitoring. 

5.2.2.7 Cost 

Estimated capital and O&M costs for each RAA are presented on Tables 5-1 through 5-4. The 

estimated total net present worth cost for each RAA is provided below. 

Soil 

36s RAA 1: No Action $0 

36s RAA 2: Capping and Institutional Controls for Lead Contaminated Areas $188,000 

36s RAA 3: Excavation and Off-Site Disposal and Institutional Controls for 

Lead Contaminated Areas 

$200,000 

5-19 



Groundwater 

36GW RAA 1: No Action 

36GW RAA 2: Enhanced Natural Attenuation $69 1,000 

36GW RAA 3: Monitored Natural Attenuation 

$0 

$4 10,000 

5.3 43 Site 

5.3.1 Individual Analysis of Alternatives 

The following subsections present the detailed analysis of RAAs for Site 43 on an individual 

basis. This individual analysis includes a brief description of each RAA followed by an 

assessment of how well the RAA performs against the evaluation criteria. 

Soil 

5.3.1.1 43 S RAA 1 :No Action 

Under the no action aiternative, soil at Site 43 will remain as is. No physical remedial actions 

will be implemented. 

Overall Protection of Human Health and the Environment: Under 43s RAA 1, no physical 

remedial actions will be implemented to control potential exposure pathways or to reduce 

contaminant concentrations in soils. As a result, there will be no measurable reduction in 

potential human health or environmental risks. 

Compliance with AR.&& Under 43s RAA 1, no active effort will be made to reduce contaminant 

levels to below federal and state chemical-specific ARARs. Over an indefmite period of time, 

however, passive remediation, in the form of natural attenuation processes, may reduce PAH 

levels to below ARARs. No action-specific or location-specific ARARs apply to the no action 

alternative. Because contaminants will remain on site at levels exceeding requ:irements 

established by ARARs, 43s RAA I will require five-year reviews to ensure that adequate 

protection of human health and the environment is maintained. 
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Long-Term Effectiveness and Permanence: Under the no action alternative, any long-term or 

permanent effect on contaminant levels will depend on the effectiveness of natural attenuation. 

The extent to which natural attenuation may reduce contaminant levels, and the time it ,will take, 

are difficult to predict. 

Reduction of Toxicity, Mobility. or Volume through Treatment: The no action alternative does not 

provide physical treatment processes for toxicity, mobility, or volume reduction of contaminated 

soil. Although passive treatment processes (i.e., natural attenuation) may eventually provide 

toxicity and volume reduction of the contaminated soil, the extent to which natural attenuation 

may reduce contaminant toxicity and volume is difficult to predict. Although 43s RAA 1 

provides no means of measurement, this alternative may in time satisfy the statutory preference 

for treatment through natural attenuation. 

Short-Term Effectiveness: As there are no physical remedial action activities associated ,with 43s 

RAA 1, there are no increased short-term potential risks to workers or the community. Also, 

there will be no additional short-term environmental impacts. 

Implementability: The no action alternative is easily implemented since no aadditional 

construction or operation activities will be conducted. In terms of administrative feasibility, 43s 

RAA I should not require additional coordination with other agencies, although a waiver of the 

state ARARs may be required since contaminants exceeding these ARARs will be left on-site 

indefinitely. The availability of services, materials, and/or technologies is not applicable to this 

alternative. 

Cost: There are no capital costs or O&M costs associated with this alternative. Therefore, the 

net present worth (NPW) is $0. 

5.3.1.2 43s RAA 2: Capping 

In 43s RAA 2, localized areas of PAH contamination will be capped (Figure 4-5). Upon 

completion, the entire site would be designated for residential land use. 
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Overall Protection of Human Health and the Environment: 43s RAA 2 involves capping of 

contaminated soils, therefore, this RAA will reduce potential risks to human health and the 

environment. The capping alternative will prevent human and ecological receptors from coming 

into contact with soil contaminants. The contaminated soil will be covered with one foot of clean 

backfill and then six inches of topsoil. With proper maintenance of the soil cover, human health 

and the environment will be protected, because this alternative reduces an exposure pathway to 

the contaminated soil. Institutional controls will include excavation restrictions that will be 

implemented at the site to protect the cap against possible intrusive activities. 

Compliance With ARARs: Chemical-specific ARARs will be met in this alternative. Soils with 

localized areas of PAH contamination will be capped. Several potential location-specific and 

action-specific ARARs identified for this site will be applicable or relevant and appropriate under 

this RAA because the alternative includes earth moving, and capping activities. Activities at the 

site will be implemented such that all ARAR requirements are met. 

Long-Term EfSectiveness and Permanence: A soil cover will be effective for protecting human 

health and the environment in the long term if the cap is properly maintained. The soil cover will 

prevent human and ecological exposure to contaminated soils provided that the soil cover is 

properly installed and maintained. Capping will have a lower level of long-term effelctiveness 

than excavation, but is appropriate for the low levels of contamination found at this site. 

Reduction of Toxicity, Mobility, or Volume Through Treatment: The toxicity of contaminants will 

not be reduced by this alternative because the contaminants will not be transformed into less toxic 

forms or destroyed by any physical, chemical, or thermal process. Although this is not a 

treatment technology, reducing exposure pathways of potential receptors will reduce the toxicity 

of Site 43 soils. The mobility of contaminants will be reduced because the soil cover will prevent 

wind and water erosion, thereby preventing contaminated soil from migrating via sedimentation 

and erosion processes. However, soluble contaminants could leach due to infiltration of 

rainwater through the soil cover. 

Short-Term Effectiveness: In the short-term, construction workers and ecological receptors may 

be exposed to disturbed contaminated soils. Exposure to human health and the environment will 

be minimized by the proper use of personal protective equipment, erosion and sediment control 

measures, and dust controls. Ecological habitats may be destroyed through clearing, however the 
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area will be revegetated and habitats will be restored. It is estimated that the cappinlg can be 

implemented in less than one year, however revegetation may take longer to establish original 

conditions. Upon completion, this alternative will be effective for protecting human health and 

the environment. 

Implementability: This alternative is easily implemented because no active treatment technologies 

will be used. Prior to capping, the site may need to be cleared as it is heavily vegetated in some 

areas. Commonly used earth moving equipment and site work procedures will be employed to 

place, contour and seed the clean backfill and topsoil. 

Cost: Estimated capital and O&M costs for 43s RAA 2 is presented on Table 5-5. The estimated 

total net present worth cost for 43s RAA 2 is $169,000. 

5.3.1.3 43s RAA 3: Excavation and Off-Site Disposal 

43s RAA 3 involves the excavation of soils that contain contaminant concentrations in excess of 

remediation goals for residential land use (Figure 4-6). Confirmatory sampling will take: place to 

ensure that all contaminants exceeding remediation goals have been excavated. Samples will be 

analyzed for PAHs. Excavated soils would be transported the Base landfill for proper disposal. 

Following the excavation operation, the site would be restored to pre-excavation conditions. 

Overall Protection of Human Health and the Environment: Because 43s RAA 3 involves 

excavation and off-site disposal of contaminated soils, this RAA will reduce potential risks to 

human health and the environment. Exposure pathways are eliminated with the site-wide 

excavation of contaminants that exceed residential cleanup levels. Ecological risk will also be 

eliminated in areas of the site that are excavated. 

Compliance With AR&b: In 43s RAA 3, contaminated soils that exceed EPA Re:gion IX 

Residential PRGs are removed from the site. Several potential location-specific and action- 

specific ARARs identified for this site will be applicable or relevant and appropriate under this 

RAA because the alternative includes earth moving, transport, and disposal activities. Activities 

at the site will be implemented such that all ARAR requirements will be met. 

5-23 



Long-Term &@ctiveness and Permanence: The excavation and disposal ahernative will be an 

effective and permanent remedial action. The contaminated soil will be removed from the site 

and placed in an off-site disposal facility where contact with human and ecological receptors will 

be eliminated. This alternative will be effective in the long-term because the contaminants will 

be permanently removed from Site 43 and will no longer pose a potential risk to human health or 

the environment. 

Reduction of Toxicity, Mobility, or Volume through Treatment: Neither toxicity, mobiility, nor 

volume of contaminants will be reduced through treatment under either option of this alternative 

because no treatment technologies will be used. However, the physical removal of the soil will 

eliminate the availability of contaminants to human or ecological receptors. Similarly, tlhere will 

be no mobility of contaminants that exceed cleanup goals at the site because they will be 

removed. The volume of the contaminated soil will not be reduced, but the soil will be -removed 

from the site. Therefore, the volume, mobility, and toxicity of contaminants at the site will be 

reduced, even though the contaminated soil itself will not be treated. 

Short-Term Efictiveness: In the short-term, construction workers and ecological receptors may 

be exposed to disturbed contaminated soil. Exposures to human health and the environment will 

be minimized by the proper use of personal protective equipment, erosion and sediment control 

measures, and dust controls. This alternative can be implemented in less than one year. Upon 

completion, this alternative will be effective for protecting human health and the environment. 

4mplementability: This alternative is easily implemented because no active treatment technologies 

will be used. The excavation areas may need to be cleared prior to excavation due to heavy 

vegetation at the site. Commonly used earth moving equipment and site work procedures will be 

employed to excavate and transport contaminated soil/sediments and to place, contour, and seed 

the clean backfill and topsoil. 

Cost: Estimated capital and O&M costs for 43s RAA 3 are presented on Table 5-6. The 

estimated total net present worth cost for 43s RAA 3 is $119,000. 
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Groundwater 

5.3.1.4 43GW RAA 1: No Action 

Under the no action alternative, groundwater at Site 43 will remain as is. No physical remedial 

actions will be implemented. 

Overall Protection of Human Health and the Environment: Under 43GW RAA 1, no physical 

remedial actions will be implemented to control potential exposure pathways or to reduce 

contaminant concentrations in groundwater. As a result, there will be no measurable reduction in 

potential human health or environmental risks. 

Compliance with ARARs: Under 43GW RAA 1, no active effort will be made to reduce 

contaminant levels to below federal and state chemical-specific ARARs. Over an indefinite 

period of time, passive remediation, in the form of natural attenuation processes, may reduce 

SVOC levels to below ARARs. No action-specific or location-specific ARARs apply to the no 

action alternative. 

Long-Term Effectiveness and Permanence: Under the no action alternative, any long-term or 

permanent effect on contaminant levels will depend on the effectiveness of natural attenuation. 

The extent to which natural attenuation may reduce contaminant levels, and the time it will take, 

are difficult to predict. 

Reduction of Toxicity, Mobility, or Volume through Treatment: The no action alternative does not 

provide physical treatment processes for toxicity, mobility, or volume reduction of contaminated 

groundwater. Although passive treatment processes (i.e., natural attenuation) may eventually 

provide toxicity and volume reduction of the contaminated groundwater, the extent to which 

natural attenuation may reduce contaminant toxicity and volume is difficult to predict. 

Short-Term Effectiveness: As there are no physical remedial action activities associated with 

43GW RAA 1, there are no increased short-term potential risks to workers or the communityy. 

Also, there will be no additional short-term environmental impacts. 
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I~~lplementability: The no action alternative is easily implemented since no a.dditional 

construction or operation activities will be conducted. In terms of administrative feasibility, 

43GW RAA 1 should not require additional coordination with other agencies, although a waiver 

of the state ARARs may be required since contaminants exceeding these ARARs will ble left on- 

site indefinitely. The availability of services, materials, and/or technologies is not apphcable to 

this alternative. 

Cost: There are no capital costs or O&M costs associated with this alternative. Therefore, the 

net present worth (NPW) is $0. 

5.3.2 Comparison of Alternatives 

This section presents a comparative analysis of the three RAAs presented for soil for Site 43. 

Only one RAA is presented for groundwater, and therefore no comparative analysis will be 

completed for groundwater at Site 43. The purpose of the comparative analysis is to identify the 

relative advantages and disadvantages of each RAA. Thus, the seven previously introduced 

criteria used for the detailed analysis will be the basis for the following comparative analysis for 

soil remedial alternatives. 

5.3.2.1 Overall Protection of Human Health and the Environment 

Each alternative will protect human health and the environment for the desired future land use 

with the exception of 43s RAA 1, the no action alternative. 43s RAA 3 is most protective of 

human health and the environment because in this alternative contaminants exceeding residential 

cleanup goals are removed from the site. 43s RAA 2 offers reduced exposure pathways for 

residential land uses through capping. 

5.3.2.2 Compliance with ARARs 

All of the RAAs, except for no action, meet the chemical-specific ARARs and remedial goals for 

the desired future land use, as presented in Section 2.0 of this FS. Location-specific and action- 

specific ARARs are met as applicable within each RAA. 
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5.3.2.3 Long-Term Effectiveness and Permanence 

The no action alternative will not be effective over the long term in protecting human health and 

the environment because the contaminants will remain at the site and will not be contained, 

removed or treated. 43s RAA 3 will be most effective in the long term because site 

contamination exceeding residential cleanup goals is permanently removed from the site. 43s 

RAA 2, a residential capping alternative, will be effective in the long term if the soil cover is 

properly maintained into the future. 

5.3.2.4 Reduction of Toxicitv, Mobiiitv, or Volume Through Treatment 

The no action alternative will not reduce the toxicity, mobility, or volume of contaminated soil at 

Site 43. 43s RAA 2 will reduce the mobility of contaminants but not the toxicity or volume of 

the soil itself. However, because capping will reduce contact with contaminated soil by human 

and ecological receptors, the potential toxicity will be reduced. 43s RAA 3 will reduce the 

toxicity, mobility, or volume of contaminants for the desired future land use through rermoval of 

contaminants from the site. 

5.3.2.5 Short-Term Effectiveness 

The no action alternative is not effective for protecting human health and the environment in the 

short term. The contaminants will remain in place and will not be disturbed. 43s RAA 3 requires 

excavation of contaminated soil that could increase the exposure of construction workers and 

ecological receptors to contaminated soils in the short term. However, exposure to human health 

and the environment will be minimized by the proper use of personal protective equipment, 

erosion and sediment control measures, and dust controls. It is estimated that all the alternatives 

can be implemented is less than one year. 

5.3.2.6 Imulementabilitv 

The no action alternative requires no effort because no changes will be made to affect current site 

conditions. 43s RAAs 2and 3 are more difficult to implement and require the mobilization and 

operation of specialized equipment, and more effort for planning and design. Excavation 

restrictions (i.e., intrusive activity controls) are placed on 43s RAA 2. This required land use 

control is easily implemented and will be maintained by the Base through their Base Master 

Planning Process. 
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5.3.2.7 Cost 

Estimated capital and O&M costs for each RAA are presented on Tables 5-5 and 5-6. The 

estimated total net present worth cost for each RAA is provided below. 

Soil 

43s RAA 1: No Action 

43s RAA 2: Capping $169,000 

43s RAA 3: Excavation and Off-Site Disposal 

43GW RAA 1: No Action 

$0 

$119,000 

$0 

5.4 Site 44 

5.4.1 Individual Analysis of Alternatives 

The following subsections present the detailed analysis of RAAs for Site 44 on an individual 

basis. This individual analysis includes a brief description of each RAA followed by an 

assessment of how well the RAA performs against the evaluation criteria. 

Soil 

5.4.1.1 445 RAA 1: No Action 

Under the no action alternative, soil at Site 44 will remain as is. No physical remedial actions 

will be implemented. 
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Overall Protection of Human Health and the Environment: Under 44s RAA 1, no physical 

remedial actions will be implemented to control potential exposure pathways or to reduce 

contaminant concentrations in soils. As a result, there will be no measurable reduction in 

potential human health or environmental risks. 

Compliance with ARARs: Under 44s RAA 1, no active effort will be made to reduce contaminant 

levels to below federal and state chemical-specific ARARs. Over an indefinite period of time, 

however, passive remediation, in the form of natural attenuation processes, may reduce arsenic 

levels to below ARARs. No action-specific or location-specific ARARs apply to the no action 

alternative. Because contaminants will retnain on site at levels exceeding requirements 

established by ARARs, 44s RAA 1 will require five-year reviews to ensure that adequate 

protection of human health and the environment is maintained. 

Long-Term Effectiveness and Permanence: Under the no action alternative, any long-term or 

permanent effect on contaminant levels will depend on the effectiveness of natural attenuation. 

The extent to which natural attenuation may reduce arsenic levels, and the time it will take, are 

difficult to predict. 

Reduction of Toxicity, Mobility, or Volume through Treatment: The no action alternative does not 

provide physical treatment processes for toxicity, mobility, or volume reduction of contaminated 

soil or sediment. Although passive treatment processes (i.e., natural attenuation) may eventually 

provide toxicity and volume reduction of the contaminated soil and sediments, the e:xtent to 

which natural attenuation may reduce contaminant toxicity and volume is difficult to predict. 

Although 44s RAA 1 provides no means of measurement, this alternative may in time satisfy the 

statutory preference for treatment through natural attenuation. 

Short-Term EfSectiveness: As there are no physical remedial action activities associated with 44s 

RAA 1, there are no increased short-term potential risks to workers or the community. Also, 

there will be no additional short-term environmental impacts. 

Implementability: The no action alternative is easily implemented since no additional 

construction or operation activities will be conducted. In terms of administrative feasibility, 44s 

RAA 1 should not require additional coordination with other agencies, although a waiver of the 

state ARARs may be required since contaminants exceeding these ARARs will be left on-site 

indefinitely. The availability of services, materials, and/or technologies is not applicab18e to this 

alternative. 
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Cost: There are no capital costs or O&M costs associated with this alternative. Therefore, the 

net present worth (NPW) is $0. 

Groundwater 

5.4.1.3 44GW RAA 1: No Action 

Under the no action alternative, groundwater at Site 44 wili remain as is. No physical remedial 

actions will be implemented. 

Overall Protection of Human Health and the Environment: Under 44GW RAA 1, no physical 

remedial actions will be implemented to control potential exposure pathways or to reduce 

contaminant concentrations in groundwater. As a result, there will be no measurable reduction in 

potential human health or environmental risks. 

Compliance with ARARs: Under 44GW RAA 1, no active effort will be made to reduce 

contaminant levels to below federal and state chemical-specific ARARs. Over an indefinite 

period of time, however, passive remediation, in the form of natural attenuation processes, may 

reduce contaminant levels to below ARARs. No action-specific or location-specific ARARs 

apply to the no action alternative. 

Long-Term Effectiveness and Permanence: Under the no action alternative, any long-term or 

permanent effect on contaminant levels will depend on the effectiveness of natural attenuation. 

The extent to which natural attenuation may reduce contaminant levels, and the time it will take, 

are difficult to predict. 

Reduction of Toxicity, Mobility, or Volume through Treatment: The no action alternative does not 

provide physical treatment processes for toxicity, mobility, or volume reduction of conta.minated 

groundwater. Although passive treatment processes (i.e., natural attenuation) may eventually 

provide toxicity and volume reduction of the contaminated groundwater, the extent to which 

natural attenuation may reduce contaminant toxicity and volume is difficult to predict. 

Short-Term EfSectiveness: As there are no physical remedial action activities associated with 

44GW RAA 1, there are no increased short-term potential risks to workers or the community. 

Also, there will be no additional short-term environmental impacts. 
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hplementability: The no action alternative is easily implemented since no additional 

construction or operation activities will be conducted. In terms of administrative feasibility, 

44GW RAA 1 should not require additional coordination with other agencies, although a waiver 

of the state ARARs may be required since contaminants exceeding these ARARs will be left on- 

site indefinitely. The availability of services, materials, and/or technologies is not applicable to 

this alternative. 

Cost: There are no capital costs or O&M costs associated with this alternative. There:fore, the 

net present worth (NPW) is $0. 

5.4.2 Comparison of Alternatives 

Only one RAA is presented for both soil and groundwater at Site 44, and therefore a comparative 

analysis is not necessary for this site. 

5.5 54 Site 

5.5.1 Individual Analysis of Alternatives 

The following subsections present the detailed analysis of RAAs for Site 54 on an individual 

basis. This individual analysis includes a brief description of each RAA followed by an 

assessment of how well the RAA performs against the evaluation criteria. For Site 54, only the no 

action alternative has remained through the screening process for soil. Due to the removal action 

completed in April 2001, soil contamination has already been removed from the site. Following 

the excavation, confirmatory samples demonstrated that no contaminants remain on site above 

cleanup goals. Two RAAs are presented for groundwater at Site 54. 

Soil 

5.5.1.1 54s RAA 1: No Action 

Under the no action alternative, soil at Site 54 will remain as is. No physical remedial actions 

will be implemented. 
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Overall Protection of Human Health and the Environment: Under 54s RAA 1, no physical 

remedial actions will be implemented. There is currently no contaminated soil on site that 

exceeds cleanup goals. 

Compliance with ARARs: Under 54s RAA 1, no active effort will be made to remediate soil at 

Site 54. Contaminant levels are below federal and state chemical-specific ARARs following the 

removal action. 

Long-Term Effectiveness and Permanence: Under the no action alternative for Site 54, long-term 

or permanent effect on contaminant levels will be effective, because contaminants were 

previously removed from the site. Therefore, taking no action at the site now will not eliminate 

the effect of the previous remedial action taken at the site. 

Reduction of Toxicity, iMobility, or Volume through Treatment: The no action alternative does not 

provide physical treatment processes for toxicity, mobility, or volume reduction of contaminated 

soil. However, this is reasonable for Site 54 because contaminated soils have been removed from 

the site. 

Short-Term Efictiveness: As there are no physical remedial action activities associated with 54s 

RAA 1, there are no increased short-term potential risks to workers or the community. Also, 

there will be no additional short-term environmental impacts. 

Implementability: The no action alternative is easily implemented since no additional 

construction or operation activities will be conducted. In terms of administrative feasibility, 54s 

RAA 1 should not require additional coordination with other agencies. The availability of 

services, materials, and/or technologies is not applicable to this alternative. 

Cost: There are no capital costs or O&M costs associated with this alternative. Therefore, the 

net present worth (NPW) is $0. 
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Groundwater 

5.5.1.2 54GW RAA 1: No Action 

Under the no action alternative, groundwater at Site 54 will remain as is. No physical remedial 

actions will be implemented. Groundwater at Site 54 has had no detections of VOCs in the past 

nine sampling quarters. Only one SVOC was detected in the past sampling quarter ((January 

2002) at a concentration above the NCWQS. During the removal action, one groundwater sample 

was taken at the center of the excavation. There were no detections of PAHs above cleanup goals 

in this groundwater sample. During the RI, one groundwater sample exceeded the NCWQS for 

lead. 

Overall Protection of Human Health and the Environment: Under 54GW RAA 1, no physical 

remedial actions will be implemented to control potential exposure pathways or to reduce 

contaminant concentrations in groundwater. As a result, there will be no measurable reduction in 

potential human health or environmental risks. 

Compliance with ARARs: Under 54GW RAA 1, no active effort will be made to reduce 

contaminant levels to below federal and state chemical-specific ARARs. Over an indefinite 

period of time, however, dilution or diffusion may reduce contaminant levels to below .ARARs. 

No action-specific or location-specific ARARs apply to the no action alternative. 

Long-Term Efictiveness and Permanence: Under the no action alternative, any long-term or 

permanent effect on contaminant levels will depend on the dispersion of lead througlhout the 

aquifer. 

Reduction of Toxicity, klobility, or Volume through Treatment: The no action alternative (does not 

provide physical treatment processes for toxicity, mobility, or volume reduction of contalminated 

groundwater. Although passive treatment processes may eventually provide toxicity and volume 

reduction of the contaminated groundwater, the extent to which these physical processes may 

reduce contaminant toxicity and volume is difficult to predict. 
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Short-Term Effectiveness: As there are no physical remedial action activities associated with 

54GW RAA 1, there are no increased short-term potential risks to workers or the community. 

Also, there will be no additional short-term environmental impacts. 

Implementability: The no action alternative is easily implemented since no additional 

construction or operation activities will be conducted. In terms of administrative feasibility, 

54GW RAA 1 should not require additional coordination with other agencies, although a waiver 

of the state ARARs may be required since contaminants exceeding these ARARs will be left on- 

site indefinitely. The availability of services, materials, and/or technologies is not applicable to 

this alternative. 

Cost: There are no capital costs or O&M costs associated with this alternative. Therefore, the 

net present worth (NPW) is $0. 

5.5.1.3 54GW RAA 2: Institutional Controls and Monitoring 

Under 54GW RAA 2, no physical remedial actions will be implemented for the surficial aquifer 

contamination. Instead, treatment via natural attenuation processes will be relied upon to reduce 

contaminant levels. The main component of 54GW RAA 2 is a long-term groundwater 

monitoring program. Groundwater samples will be analyzed for lead. 54GW RAA 2 includes 

aquifer use restrictions to prohibit future use of the aquifers as a potable water source and an 

intrusive activity boundary for the lead plume area. These controls will be in place until FdCWQS 

remediation goals of 15 pg/L for lead have been achieved for four sampling quarters. 

Overall Protection of Human Health and the Environment: Under 54GW RAA 2, lea’d in the 

surficial aquifer will remain on-site. Lead in groundwater indicated a potential for adverse health 

effects for a future child receptor. Based upon the exceedence of NCWQS remedial goals for 

lead, additional physical groundwater treatment is necessary to provide a justifiable solution for 

the surficial aquifer. 54GW RAA 2 ensures the protection of human health and the environment 

through monitoring and aquifer use restrictions. Thus, 54GW RAA 2 will mitigate the potenti%; 

for direct exposure, and provide overall protection of human health and the environment. 
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Compliance with ARARs: Under 54GW RAA 2, no physical effort will be made to enhance or 

reduce contaminant levels to below chemical-specific ARARs. Physical processes such as 

diffusion and dispersion, however, are expected to eventually achieve these ARARs. Thus, 

54GW RAA 2 has the potential to remediate the groundwater over an extended period of time. 

No action-specific or location-specific ARARs apply to this alternative. 

Long-Term Effectiveness and Permanence: Through monitoring and aquifer use restrictions, 

54GW RAA 2 provides a means for observing contaminant concentrations over time and 

prohibiting future potable use of the aquifer. As a result, 54GW RAA 2 will ensure the isafety of 

potential receptors over time and will provide long-term effectiveness and permanence. Five- 

year reviews will also be required to ensure that adequate protection of human health and the 

environment is maintained. 

Reduction of Toxicity, Mobility, or Volume Through Treatment: 54GW RAA 2 does not provide 

any treatment to reduce the toxicity, mobility or volume of contaminated groundwater through 

treatment. However, reduction is expected through physical process. 

Short-Term EfSectiveness: Under 54GW RAA 2, the only activities that may increase risk to the 

community or to workers include periodic groundwater sampling. However, proper Ihandling 

procedures and personal protective equipment should protect the community and workers from 

these risks. No additional environmental impacts will be caused by this RAA. Although the time 

required for the groundwater to reach cleanup goals is unknown, two years has been 

approximated in the cost estimate. 

Implementability: 54GW RAA 2 is easily implemented. The required groundwater samplling and 

ordinance procurement have been easily implemented at other Operable Units at MCB, Camp 

Lejeune. This alternative will also not require coordination with other agencies. Annual reports 

must be submitted to document the sampling process. All required services, materials, or 

technologies should be readily available. 

Cost: Estimated capital and O&M costs for 54GW RAA 2 are presented on Table 5-7. The 

estimated total net present worth cost for 54GW RAA 2 is $44,000. 
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5.52 Comparison of Alternatives 

Only one RAA is presented for both soil and therefore a comparative analysis is not neces,sary for 

soil at this site. This section presents a comparative analysis of the two RAAs presented for Site 

54 groundwater. The purpose of the comparative analysis is to identify the relative advantages 

and disadvantages of each RAA. Thus, the seven previously introduced criteria used for the 

detailed analysis will be the basis for the following comparative analysis. 

5.5.2.1 Overall Protection of Human Health and the Environment 

Each alternative will protect human health and the environment for the desired future land use 

with the exception of 54GW RAA 1, the no action alternative. 54GW RAA 2 is more protective 

of human health and the environment because in this alternative aquifer use and intrusive 

boundary restrictions will reduce exposure pathways. 

5.5.2.2 Compliance with ARARs 

Ail of the RAAs, except for no action, meet the chemical-specific ARARs and remedial goals for 

groundwater, as presented in Section 2.0 of this FS. Location-specific and actionspecific 

ARARs are met as applicable within each RAA. 

5.5.2.3 Long-Term Effectiveness and Permanence 

The no action alternative will not be effective over the long term in protecting human health and 

the environment because the contaminants will remain at the site and will not be contained, 

removed or treated. 54GW RAA 2 will be more effective in the long term because site 

contamination exceeding NCWQS remedial goals is monitored and restricted through 

institutional controls. 

5.5.2.4 Reduction of Toxic&v, Mobilitv. or Volume Through Treatment 

The no action alternative will not reduce the toxicity, mobility, or volume of contaminated soil at 

Site 54. 54GW RAA 2 will not reduce the toxicity or volume of the groundwater itself. 

However, because controls will reduce contact with contaminated groundwater by receptors, the 

potential toxicity will be reduced. 

5-36 



5.5.2.5 Short-Term Effectiveness 

The no action alternative is not effective for protecting human health and the environment in the 

short term. The contaminated groundwater will remain in place and will not be disturbed. 54GW 

RAA 2 requires monitoring of contaminated groundwater that could increase the exposure of 

construction workers and ecological receptors to contaminated groundwater in the short term. 

However, exposure to human health and the environment will be minimized by the proper use of 

personal protective equipment. It is estimated that all the alternatives can be implemented is less 

than two years. 

5.5.2.6 Implementabilitv 

The no action alternative requires no effort because no changes will be made to affect current site 

conditions. The required monitoring of 54GW RAA 2 is also easy to implement, and has been 

successfully implemented at many sites throughout MCB, Camp Lejeune. Intrusive activity 

controls and aquifer use controls are placed on 54GW RAA 2. These required land use controls 

are easily implemented and will be maintained by the Base through their Base Master Planning 

Process. 

5.5.2.7 Cost 

Estimated capital and O&M costs for 54GW RAA 2 are presented on Table 5-7. The estimated 

total net present worth cost for each RAA is provided below. 

Soil 

54s RAA I: No Action 

Groundwater 

54GW RAA 1: No Action 

54GW RAA 2: Institutional Controls and Monitoring 

$0 

$0 

$44,000 
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TABLE l-1 TABLE 1-l 
SITE 36 POST-RI MONITORING RESULTS SITE 36 POST-RI MONITORING RESULTS 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
CORRECTIVE ACTION PLAN, CTO-0219 CORRECTIVE ACTION PLAN, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA MCB CAMP LEJEUNE, NORTH CAROLINA 

36-GWlODW 

2-Hexanone 
Acetone 
Methylene Chloride 

280”’ ND ND ND ND 10 R ND ND ND ND ND ND ND ND ND ND 
700 ND ND ND ND 10 R ND ND ND ND ND ND ND ND ND ND 

5 ND ND 25 ND ND ND ND ND ND ND ND ND ND ND ND 

36-GW13 



TABLE 1-I (continued) 
SITE 36 POST RI MONITORING DETECTIONS 
OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 

CORRECTIVE ACTION PLAN, CTO-0219 
MCB CAMP LEJEUNE, NORTH CAROLINA 

36-GW19 
Methylene Chloride 

I ~~~~- ~~~- 
5 1 ND 1 ND 12JjND 11 ND ND ND ND ND ND NS NS NS 1 

- All concentrations in ugiL 

Notes: 
ND - Not Detected 
NE - Not Established 
(I) NCWQS Interim Standard 

Shaded constituents exceed the NCWQS standards 

NS - Not Sampled 
J - Analyte detected; value is estimated 



TABLE l-2 
REMEDIAL INVESTIGATION RESULTS FOR SITE 36 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Screening Site Contamination Maximum Detection 

Media Fraction Detected Contaminants Criteria@’ Min. Max. Location Frequency Distribution 

Surface Soil Volatiles Trichloroethene 2,800 4 4 FDA-SB03 l/61 eastern, former disposal area 

Tetrachloroethene 5,700 2 3 36-GWl2 316 I northern, ground scar area 
r,n nnn (1 OR OF.SRll I ” IL ’ 

Xylene (total) 

,.I&“,““” Y ,., -_ --“. -?l”L south central, open field 
I I 7nn nnn I-In I70 Iccsan7 I,,r* --Al-^.... --^..- .A -car area 

I 1 L , I”“,““” 

~210,000 
tro 

157 

17 
hill 

(-‘I 

17 
IWil 

u”-YY”2 1 ‘lOI 

IOF-SB06B 1 I16 1 
InAnsml7 I”=- 

/II”ILKIII, Jg”U”” J’ 

south central, open field 
.,,...*I. 

II 
Semivolatiles n-Nitro-di-n-propyiammr: “7 ,JL” _I‘.” -, .I “-“- _.-. ___._. ---.-.~~, ~~ 

ICL nn,, I”0 ll%l Im-cam ‘* I=- , __... 9. ---.--l 1 . ..^^.^.... ._ . . . ,- 1 -.\ 
II,>, .,.,,,,,,eastem. drum area II 

R ntnalene (rAtI) 
L-methylnapthalene 

. . . 1s.1.1, Acenapnrnene (mn) 
Dihcn7ofbran - .__.. -__- .-.. 

Fluorene (PAH) 
uh--“+nhrene (PAH) 

irene (PAW 

,_I,,““,““” 
1290,000 

(22” 
II50 

_.._ LIJ, 

v1 “-34 II/57 

OF-SB04 
OF-SB04 

P 
2,600,OOO 200 
NA 59 2,500 
22.000,000 780 780 IOF-SB04 

IOF-SB04 II57 
II57 
4157 
l/57 

NS>LCLII 

, DyuIL. c-LuI, . western 
isouth central, open field 
south central, open field 
south central, open field 
scattered 
south central, open field 

I’ 
Anthra __.._ . ,- _., 
Carbazole 
Fluoranthene (PAH) 
Pvrc=n~ (PAR> 
- ,---.- \̂ ---I 

R,,+,rlhmJvlnhth~latp YYL,.YI..LJ.y L.... I....1 

B(a: ’ I.. . .w\ lantnracene (rAn) 
.- __. 

Chrysene (PAH) 
B(b)fl,-nthenr IPAW 

R(k‘ ^ 

NA 240 
2,300,OOO 54 

41 2.300.000 

112.00b.000 I5 I -, I 
Ic*n 1 “L” 1”L (Y” 
I r* A,-.,-, (O‘,““” I.-. 13, 
1620 151 

)truorantnene (rAti) lu+oo 
-_I_\- .._^_ ̂ ,“AU\ II3 

240 
5 ,500 
11,000 

1290 
I1 m-m ,J,7”” 
tr znn I’,O”” 
13.600 

, I,,“” 
I7 7nn 

IOF-SB04 1 l/57 
IOF-SB04 15/5i 
OF-SB04 18157 
OA-SB03 13157 
nc.rann I..,.-” ,“A -uY”T IL,3 I 

- ,-- Inl? PD8-l” ,“r-cm”T I>/> I 
IOF-SB04 

]OF-SB04 12157 11 south central, 1 southeastern 
lOF-.Wl134 I?‘<7 1’ “_’ 

Isouth central, open field 
4 southeastern, drum area 
5 southeastern, drum area 
western 
I --..aL __---I 1 southeastem , S”UUl ce1,ua,, I : 

Ir .* > 1~ sourneasrem, arum area 
l~attered 

-II 
II 

II -\.- 
Benzora)pyieue ~r~~~l 
I( 1,2,3-cd)pyrene (PAH) 
D(a,h)anthracene (PAH) 

B(g,h,i)perylene (PAH) 
gamma-BHC (Lindane) 
Aldrin 
Heptachlor 

Heptachlor epoxide 
r 

“L 
620 
62 

NA 
440 
29 
II0 

7” 
46 
720 

2,400 
4 
5 
1.9 

I,<“” 
2,700 
720 
2,400 
4 
5.1 
1.9 
_- 

-_ ---. 
OF-SB04 
OF-SB04 
OF-SB04 
OF-SB06D 
OF-SB03 
FCA-SB 12 
^. n-n.. 

south central, open field 

1 WA-YIN Ii 

LlJl 
I3157 
II/57 
l/57 
II57 

3157 
II57 

, , .,dh central, 1 western 
I scattered 

south central, open field 
south central, open field 
I open field, 2 adjacent toSBOl 
southwestern, former cleared area 

II 

I scattered, 3 adjacent to SBO I 

4-4’-DDD 12400 12.8 pso [VA-WUIA 137/: 
r. 1~ *c- ” .,c-*_ cnoosumm aumare 
4-4’-DDT 
Endrin Ketone 
Endrin aldehyde 
alpha-Chlordane 
gammaChlordane 
. . .^ A” Aroclor IL45 
*--^I..- ,,cn 

,N”Cl”l 1LJ-f 

IAluminum 
Antimony 
Arsenic 

NA 
NA 
1600 
1600 
??A 

I5 
I2 
980 
840 
1” nncl 

,‘I, I 
OA-SBOIA 148/57 
OF-SB03 l/57 
OF-SB02 1157 
OA-SBO5 15157 
OA-SBO5 10157 
n~.cantr -I-- Iweswrl, b”ll”“ll”~ _ I“” ,“O ,L’,““” (“r\-.l”” L n IY/3 / 

ITxl IO? IWl InA-SROI ‘7/c7 I..mc+nm .,,.-.n,,n,l;nn c:Rn, II 

south central, I western 
widely scattered, prevalent 

- 
south centrai, open tield 
south central, open field 
scattered 
scattered 
..__._- -..--..--‘inn SBOl 

II 
Metals 

LL” 

176,000 
131 
122 

I- 

Il,OlO 
13.3 
lo.39 

““” 

117,600 
131.7 
110.4 

-.. ---. JlJl 

IFCA-SBO9 152/52 
IOA-SBOR 17146 I 

lOA-SB08 14315 ‘2 

nr~,~,1,) *“““““““1~ U”“. 

scattered 
scattered 
scattered 

1 



TABLE l-2 (continued) 
REMEDIAL INVESTIGATION RESULTS FOR SITE 36 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

I I  ̂ . I_.- 

n dedia I Fraction 
Surface Soil IMetals (Barium 

I Detected Contaminants 

I 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Screening Site Contamination Maximum 
criteria@) Min. Max. Location 

5,400 4.5 141 OA-SBOB 
150 0.18 0.18 FCA-SBIO 
37 0.7 6.3 OA-SBOf 
NA 

I- -- 
Inn .“” I AP nnn ,I”_),““” c 3F-SB06 

1210 11.6 I- - 151 Ii - ..- II- , JA-SB08 
14.700 In RR lo ha -PDlw 

I(Continued) 

2;900 
23,000 
400 

NA 
1,800 
23 

1,600 

Detection 

Frequency Distribution 

5 l/52 scattered 
II52 1 detection southwest 

18/52 Iscattered 
51/52 scattered 
52152 scattered 
IO/52 scattered 
1QK7 scattered 

II 

Copper 
Iron 

Lead 

Magnesium 
Manganese 
Mercury 

Nickel 

Potassium 

“II~.I,Y,I. 
Silver 
Sodium 
Vanadium 
Zinc (Acetone 

I% 

INA 

J7” 
390,000 
NA 
550 

1.-- 

(23,000 I 1.600.000 

“111 

0.6 
863 

4.3 
52 
2.1 
0.1 

1 

177 7 

“.JL 
0.6 
9.6 
70 
-., 

12. I 117 

, “~-0”“” 

445 OA-SBOS ,“,,~- 
86,200 g*-ram I<?/<? 

II .-“““V _I&, -IL scattered 
836 C IA-SBOP 48152 scattered 
1,020 c .L --.,. 1At-L9Rnl 52/52 scattered 

--I 940 52152 
/scattered 2.4 

0 
I 

4x 7 f-l .-._ 
1676 

0.35 

12 
358 
AL 
-7” 

II 77n .)___ IAnn 

.r.-“U”U 

rA-SBO5 
, JA-SBOI 
‘%A-SBO5 

j6-SB06D 
OF-SB04 
DAD-SB( 

,” “A-SBOB 
In -A-SBOS , ICC-cnn7 

18152 
26152 
32152 
12152 
S/48 

50/52 
50152 

8/62 
l/62 

scattered 
scattered 
scattered 
scattered 
3 south central 

scattered 
scattered 

1 exceeds blank, ground scar area 
western 

(Volatiles 

I 

11 131/52 Iscattered II 

I- Semivolatiles 

I1.2-Dichloroethene (total) 

loroethene Benzene 

Toluene 
Xylene (total) 

1,4-Dichlorobenzene 
2-Methylphenol 

-3---x--- .I TV” “u-u”“-I 

63,000 4 4 OA-SBO 1 
2,800 3 5 FDA-SBOI 1 3162 670 

3 3 FDA-SBOI 
520,000 5 17 OF-SB06 ,.,, v_ 
2 10,000 2 6 FDA-SB06 ‘Q/L? 

3,400 97 97 DAB-SBO2 
3.100.000 510 sin nAR-9!2nl 

eastern, 12 I western 

4-Meth$phenol 

Isophorone 
Naphthalene (PAH) 

3~0,obo 

5 10,000 
56.000 

43 

2,100 
41 

43 --- 

2,100 
Al 

-. .Y YYY I 

DAB-SBO I 
DAB-SBO 1 
na-rnnt * 

1 l/62 
ICK7 

01 “L 
1157 
l/58 
1158 
1158 
Ii57 _._. 

eastern, former disposal area 
south central, open tield 
scattered 
southeastern, drum area 
southeastern, drum area 
southeastern, drum area 
southeastern, drum area 
western 

II 
. , 

2-Methylnaphthalene 
IPhenanthrene (PAH) 

. .,.__ . . . 

I1,600.000 I65 
,“c.-u”“‘rl 

I85 IFnA-SFUlT 

ttiA 14R 

- -. _ II-- 12157 I eastern, 1 western 
Ina~cmn? 13157 scattered .  I  

Di-n-butylphtalate 
Fluoranthene (PAH) 

Pyrene (PAH) 
Butylbenzylphtalate I 

1 

16,lOO,OOO 146 
.,” ,“’ .-,>““I 

I56 loa.srtn1 

2,300,OOO 
2,300,OOO 
l2,000,000 

130 
59 
42 

320 
320 
170 

western 
2 1 south eastern, central 
scattered 
scattered 

14 eastern, I south central 

1 /l/56 open field 



TABLE 1-2 (continued) 
REMEDIAL INVESTIGATION RESULTS FOR SITE 36 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 
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TABLE I-2 (continued) 
REMEDIAL INVESTIGATION RESULTS FOR SITE 36 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

dedia 
#urface 
Vater(3) 

ediment 

Notes: 

- Concentrations are presented in ug/L for liquid and ug/kg for solids (ppb), metal concentrations for soils and sediments are presented in mg/kg (ppm). 
(1) PCB contaminated soil was removed during the removal action that OHM conducted in 1997. 
(2) An additional round of groundwater samples were collected from wells which exhibited concentrations of volatiles during the first round. 
(3) Surface water detections were compared to appropriate NCWQS and NOAA screening values, based upon the observed percentage of saltwater at each sampling focatio~~, 
(4) Total metals in surface water and sediment were compared to the range of positve detections in upgradient samples at MCB, Camp Lejeune. 
(5) Qre&ng criteriaare nvnA4nA ac - rafn.a-m.3 -~A* *..,I A-- D--Z-- Iv n--:d--a:-1 nnp- c- . . ..- . ..^ - ^ Y.V. .UIU UI u .IlrlUllUC paste ~lglu 0i2l; ~\=g,ru~ 1,~ R\GSIUT~IU~~ TRUS nor surface and subsurface so& NLWI+ tar groundwater, and NOAA for surface water 

and sediment 

BC - Brinson Creek 
BEHP - bis(2-ethylhexyl)phthalate 
NA - Not applicable 
NCWQS ” iiorth Carolina Water Quality Standard 

ND - Not detected 
NOAA -National Oceanic and Atmospheric Administration 
MCL - Federal Maximum Contaminant Level 
PAH - Polynuclear aromatic hydrocarbon 
UT - Unnamed Tributary 



‘) , 
i 

‘i 
I 

,: 

Table l-3 
REMEDIAL INVESTIGATION RESULTS FOR SITE 43 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Screening Site Contamination I 

Detected Contaminants 1 Criteria (‘) wrz: Iifizzy [Distribution II Fraction 

.I.. 
WA-%02 2/21 separate areas 
DAI-SB02 21/21 scattered 

I- --- 

Metals 
I- ‘- 

Cadmium 
Chromium 

37 
210 

0.7 
1.1 

1.7 
106 



rledia 
Lurface Soil 
continued) 

lubsurface Soil 

- 
Table i-3 (continued) 

REMEDIAL INVESTIGATION RESULTS FOR SITE 43 
OPERABLE UNIT NO. 6, SlTES 36,43,44 and 54 

FEASIBILITY STUDY, CTO-0219 
MCB CAMP LEJEUNE, NORTH CAROLINA 

nants 

Screening Site Contamination 
Criteria (3) Min. /Max. 

Maximum Detection 

Location Frequency Distribution 
DAZ-SBOl 17121 north of clearing 
DAZ-SBO 1 2012 1 scattered 

32 13121 Idrum areas 

_IDAI-SB02 121/21 1 scattered 



Table 1-3 (continued) 
REMEDIAL INVESTIGATION RESULTS FOR SITE 43 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

1 Screening Site Contan 

Media Fraction Detected Contaminants Criteria 13’ 

Surface Water (I) Volatiles 1,2-Dichloroethene (total) 2,240 
Semivolatiles ND -- 

Min. 

Ination 

Max. 

Maximum 

Location 

Sediment 

Pesticides 4,4-DDE 
4,4-DDD 

PCBs ND 
Metals (2) Copper 
Volatiles Carbon Disulfide 
Semivolatiles 4-Methvlphenol 

I 

0.14 
0.025 

-- 

2.9 
NA 
NA 

Pesticides 

Pyrene &AH) 350 200 
Benzo(a)pyrene (PAH) 400 290 
4,4’-DDE 2 12 
Endrin INA 12 
4.4’-DDD I2 5.6 

9.3 
7.2 
9.6 

L ’ 

4,4’-DDT 1 
alpha-Chlordane 0.5 
gamma-Chlordane 0.5 

PCBs ND -- 

Metals (2) Lead 35 
Mercury 0.15 
Silver 1 
Zinc 120 

0.1 
0.1 

1.8 
3 
210 

6.1 
0.4 
1.9 
1.5 

2 IEC-SW02 

Detection 

Frequency Distribution 
2/G neither exceed standard, EC 
O/6 
216 do not exceed standard, I EC, I SHC 
316 3 exceed standard, 1 EC, 2 SHC 
O/6 
3/G 1 exceed standard, not background 
3112 2 from EC and 1 from SHC 
l/12 adiacent to studv area. SHC 
l/12 
4112 

Idoes not exceed standard, EC 
13 exceed standard. 2 EC and 1 SHC II 

9112 
019 
12112 
2112 

9 exceed standard, scattered 

7 exceed standard, none exceed background 
2 exceed standard 

2/12 (2 exceed standard, neither exceed BB 
12112 14 exceed standard. none exceed background (I 

Notes: 

- Concentrations are presented in pg/L for liquid and pg/kg for solids (ppb), metal concentrations for soils and sediments are presented in mg/kg (ppm). 
(1) Positive contaminant detections in surface water were compared to appropriate NCWQS and NOAA saltwater screening values. 
(2) Total metals in surface water and sediment were also compared to the range of positive detections in upgradient samples at MCB, Camp Lejeune. 
(3) Screening criteria are provided as a reference point and are Region IX Residential PRGs for surface and subsurface soil, NCWQS 
for groundwater, and NOAA for surface water and sediment 

ARAR - Applicable or Relevant and Appropriate Requirements EC - Edwards Creek 
BC - Brinson Creek NA - Not applicable 
BEHP - bis(2-ethylhexyl)phthalate ND - Not detected 
NCWQS -North Carolina Water Quality Standard NOAA - National Oceanic and Atmospheric Administration 



i 

Media 
lurface Soil 

lubsurface Soil 

iroundwater 

Table 1-4 
REMEDIAL INVESTIGATION RESULTS FOR SITE 44 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Q-action 
Jolatiles 

Detected Contaminants 
ND 

Screening Site Contamination 
Criteria (3) Min. Max. 

-- I 

Maximum 

Location 

Detection 

‘Frequency /Distribution 
o/17 I 

I I I I -. _I 
1210 

I 

;emivolatiles bis(2-Chloroethyl)ether 1550 1550 lOA-SB06 /l/13 eastern 
A.-.. . _. ^^^ ___ II 12,6-Dmurotoluene lOl,OOO IjUO 13x0 IOA-SB02 

305 
105 
305 

l/13 
l/l3 
2/13 
4113 

open area 
east central 
east central 
scattered 

tietats 

1(1,2,3-cd)pyrene (PAH) 
B(g,h,i)perylene (PAH) 
4-4’-DDE 
4-4’-DDD 
4-4’-DDT 

ND 
. . 

620 220 220 OA-SE 
NA 57 200 OA-SB 
1,700 10 140 OA-SE 
2,400 7.4 7.4 OA-SB03 11/13 near march 
1,700 4.6 4.5 n. ,....,..A I,,.- I 

-_ 
-__ 

area 
(VA-SHJ5 

I 

14/u 

lo/7 
Iscattered 

I 

‘esticides 

‘CBS 
_ . Arsemc 26.2 

Chromium 210 
Copper 2,900 

II 
II 

WA-SB02 13/13 evenly dispersed 
OA-SBO 1 12113 evenly dispersed 
OA-SB03 1203 near marsh area 
OA-SB03 1 l/13 near marsh area Lead 



ledia 
iroundwater 
:ontinued) 

urface Water (1) 

ediment 

Table 1-4 (continued) 
REMEDIAL INVESTIGATION RESULTS FOR SITE 44 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

‘raction Detected Contaminants 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Screening Site Contamination Maximum 

Criteria (3) Min. /Max. Location 

Detection 

Freauencv Distribution 

‘emivolatiles 

‘esticides 

Naphthalene (PAH) 
2-Methylnaphthalene 
Acenaphthene (PAH) 
Dibenzofuran 
Fluorene (PAH) 
Phenanthrene (PAH) 
Carbazole 
ND 

- ” 

21 71 71 44-GW03 l/9 1 exceed standard, southwestern 
28 4 4 44-GW03 l/9 southwestern, near access road 
80 13 13 44-GW03 l/9 does not exceed standard 
28 6 6 44-GW03 I/9 southwestern, near access road 
280 7 7 44-GW03 l/9 does not exceed standard 
210 7 7 44-GW03 l/9 does not exceed standard 
NA 4 4 44-GW03 l/9 southwestern, near access road 

-- o/9 

iemivolatiles IPhenol I58 II I1 IUT-SW01 

IZinc 158.9 117.3 161.3 IEC 
IEC-SW02 (2W II exceeds standard and background II 

IPentachloronhenoJ 
IPenanthrene (PAH) 

IUT-SD01 I1 exceeds blank cont. level (240) II 
]NA 
1225 

1740 
1250 

(EC 
11 IT-SIX)? 

I--- 
._ 

I-- 
-_ _-_- -.-I 

INA 179 179 1 UT-SD03 11/16 

I r 
Iprimarily UT 

1600 195 I740 
Inear confluence with EC, UT 

IFluoranthene (PAHI - . .._........ .~~~ \. .---, 

.Pvrene (PAH) 
_ .  I  

Butvlbenzvlohthalate -, ---- , -r-~~-- 
RlakmthmwnP fPAUl 

1. - 

!42 
148 I 
IW 

!490 
I48 I 
1170 

UT-SD03 
UT-SD03 
UT-SD02 
UT-SD03 

6116 
7116 
l/16 
3116 

1 exceeds standard, UT 
i exceeds standard, UT 

I 

by concrete outflow/culvert, UT 
do not exceed standard. UT -\ -,-......---..- \. . --., mu.. _” 

, ! 

Chrvsene (PAH) 1400 I44 1460 1 UT-SD03 i7/16 11 exceedc. standard 1 IT II 
IBlh;fluoranthene (PAH) 

I 

152 
I 

1600 
I --~- 

IUT-SD03 
I-- 

16116 
. _..____I_. -..--.-, _ 

/UT and downgradicnt of UT 



Table l-4 (continued) 
REMEDIAL INVESTIGATION RESULTS FOR SITE 44 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Media 
Sediment 
(continued) 

Fraction 
Semivolatiles 
(continued) 

Pesticides 

PCBs 
Metals (2) 

Detected Contaminants 
B(k)fluoranthene (PAH) 
Benzo(a)pyrene (PAH) 
B(g,h,i)perylene (PAH) 
Aldrin 
Heptachlor Epoxide 
4-4’-DDE 
4-4’-DDD 
4-4’-DDT 
alpha-Chlordane 
gamma-Chlordane 
ND 
Lead 
Zinc 

Screening Site Contamination 
Criteria (3) Min. Max. 

NA 49 200 
400 56 300 
NA 49 71 
NA 2.6 2.6 
NA 5.2 5.2 
2 9.3 310 
2 5.5 770 
1 2.5 130 
.05 2 14 
.05 2.7 16 

__ 

35 8.4 56.3 
120 6.3 144 

Maximum 

Location 
UT-SD03 
UT-SD03 
UT-SD02 
UT-SD03 
UT-SD03 
UT-SD02 
UT-SD02 
EC-SD05 
EC-SD05 
EC-SD05 

UT-SD03 
EC-SD05 

Detection 

Frequency 
3116 
3/16 
206 
l/14 
I/14 
16/16 
16/16 
10114 
13/16 
13116 
o/13 
16116 
16116 

Distribution 
all detections from UT 
do not exceed standard, UT 
1 detection EC and I UT 
UT 
UT 
16 exceed standard 
16 exceed standard 
10 exceed standard, prevalent 
13 exceed standard, prevalent 
13 exceed standard, prevalent 

3 exceed standard, not background 
I exceeds standard, not background 

Notes: 
- Concentrations are presented in ug/L for liquid and ugIlcg for solids (ppb), metal concentrations for soils and sediments are presented in mg/kg (ppm). 

(1) 
Surface water detections were compared to appropriate NCWQS and NOAA screening values, based upon the observed percentage of saltwater at each sampling location. 

(2) Total metals in surface water and sediment were compared to the range of positive detections in upgradient samples at MCB, Camp Lejeune. 
(3) Screening criteria are provided as a reference point and are Region 1X Residential PRGs for surface and subsurface soil, NCWQS for groundwater, and NOAA for surface 

water and sediment 

BEHP - bis(2-ethylhexyl)phthalate 
EC - Edwards Creek 
NA - Not applicable 
NCWQS - North Carolina Water Quality Standard 
UT - Unnamed Tributary 

NOAA - National Oceanic and Atmospheric Administration 
MCL - Federal Maximum Contaminant Level 
PAH - Polynuclear aromatic hydrocarbon 



Table 1-5 
REMEDIAL INVESTIGATION RESULTS FOR SITE 54 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Media Fractlan Detected Contaminants 

Screening Site Contamination 
Criteria (I) Min. (Max. 

Maximum Detection 

Location Freauencv Distrihntinn 

Semivolatiles 

r 
n-Nitrosodiphenylamine 
Phenanthrene (PAH) 
Fluoranthene fPAH\ 

99,000 
NA 
2.300.000 

160 
98 
62 

I 

160 
120 
67 

DD-SBO 1 l/l 1 south, drainage ditch 
DD-SB03 2/l 1 south, drainage ditch 
I-XI-SRn 1 7/l 1 south. drainage ditch >---I--- ,-- _. -- --- _ -. - - 

Pyrene (PAH) 12.300.000 199 I150 1 DD-SBOl 12/l 1 
_ .  I  

south, drainage ditch 
Butvlbenzvlohthalate I 1 z.oob.ooo I50 1320 lDDSRO4 t 2/l 1 IfiouY, drainage ditch II , a 1 

Di-n-octylphthalate 
ND 
Chromium 

NA 
-- 

210 

150 

5.7 

_-. 

150 

9.1 

--_. -._. 

&OS l/l 1 
Of4 

DD-SB04 4/4 

lwest of burn nit 
I---. 
soutl ,~ 

drainage ditch 
PCBs 
Metals 

Subsurface 
Soil 

Volatiles 

Semivolatiles 

Zinc 
Acetone 
Xylene (total) 
Nanhthalene CPAH1 

23,000 
1,601).000 e-7--- 
210, .ooo 
56.000 

(8.3 
I i .2nn _,__ - 
I12 
1760 

116.7 
I I .2nn _,-__ 
I300 
1760 

IDD-SB04 14/4 
Inn-SRM I l/l 9 -- --1- _.-_ 
lSBO8 l2/19 
IsRnx 1109 

2 exceed BB, drainage ditch 
1 exceeds blank, drainage ditch 
southwest of burn pit 
snllthwe~t nf hllv pit 

/Acenaohtheie (PAH\ 

,- -7.- I ~- 1 -- I-- -- 1-.-- 
I--.....--_ -̂  I-. 

~1,600,000 I 1.700 Il.700 IDD-SBO5 I l/19 /south. drainage ( 
1317001000 l9b l9b IDD-SBOS Ii/i9 

I - iitch 
lnouth drainwe ditch L \ I 

Fhmrene IPAW) 
,, , I I- I-~~- I--- __...^_) ---.---~- 
I2.6nn nnn I430 l42n Inn-SRfl< I 1 I1 9 cmlth ,irainao~ , 

II 

- _ - - . -. . - \- . _- -, 

Phenanthrene (PAH) 
Pvrene IPAW 

-p---1--- 

NA 
2.3nn.nnn 

.-_ 

160 
43 

.-- 

160 
43 

II --“” _, -_ --....., . . . . . . . b’ .iitch 
DD-SBO5 l/19 south, drainage ditch 
DD-s;Rns l/19 south, drainage ditch 

south. drainaee ditch 

II I 
- 

,----- \- ---I -7---T--- ._ .- -- ___- _.__ 

56 56 DD-SB03 

Butylbenzylphtalate Lead 400 12,000,000 

l/19 

8 Iscattered ” 
ND -- O/8 

1.4 11.5 DD-SB03 8/8 I II 
PCBs 
Metals 

Nickel 1,600 1.1 6.2 DD-SB02 6/8 south and southwest 
Groundwater Volatiles Carbon Disultide 700 4 4 54-GWlO l/17 does not exceed standard, east 

1 ,ZDichloroethene (total) NA 5 23 54-TWO3 3117 none exceed standard, southeast 
Trichloroethene 2.8 1 1 54-TWO3 l/17 does not exceed standard, southeast 

I I Benzene 1 5 40 54-TWO4 6117 6 exceed Toluene 1,000 22 83 54-TWO3 207 do not exceed standard, standard, south southeast and east 

II I Xvlene Ethylbenzene (total) 29 530 6 27 26 130 I54-TWO3 54-TWO4 3117 3117 none none exceed exceed standard, standard. southeast southeast 



Table l-5 (continued) 
REMEDIAL 1NVESTIGATION RESULTS FOR SITE 54 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

I Media Fraction Detected Contaminants 
Semivolatiles Groundwater 

(continued) r 
Pesticides 
PCBs 
lir -.-1- 

Z-Methylnaphthalene 
Diethylphthalate 
Anthracene (PAH) 
Di-n-butylphthalate 
ND 
ND 
Iron , --1 

Manganese 

28 I 160 54-TWO3 607 south and , 
5,000 1 37 54-TWO3 5117 none exceed standard, southeast 
2,100 1 1 54-TWOS l/17 does not exceed standard, UST 
700 1 2 54-GW09 2117 do not exceed standard, scattered 

_- O/l 
-- o/13 

300 ,I 193 4 A 74,100 -A e 54-TWO3 r, -**,,.a 1203 r,.* 9 exceed standard, scattered 
1 exceeds standard, upgradient 
9 exceed standard, scattered 

I-- , I-- 
- - _- -. -I 

(50 (25.2 (1,280 154-GW03 113/13 

Notes: 
- Concentrations are presented in ug/L for liquid and ug/kg for solids (ppb), metal concentrations for soils and sediments are presented in mg/kg (ppm). 

(1) Screening criteria are provided as a reference point and are Region IX Residential PRGs for surface and subsurface soil and NCWQS for groundwater 

ARAR - Applicable or Relevant and Appropriate Requirements 
NA - Not applicable 
NCWQS - North Carolina Water Quality Standard 
ND - Not detected 
NOAA - National Oceanic and Atmospheric Administration 
MCL - Federal Maximum Contaminant Level 
PAH - Polynuclear aromatic hydrocarbon 



TABLE l-6 

SITE 54 LONG TERM MONITORING DATA (I) 
OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 

FEASIBILITY STUDY, CTO-0219 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Date of 
Sampling: Event 

Semivolatiles NCWQS 
Detected Screening 

Above NCWOS Result Criteria Location 

January 2000 ND -- NA NA 
April 2000 ND -- NA NA 
July 2000 Bis(2-Ethylhexyl) Phthalate 65 3 54-GW12 

October 2000 Bis(2-Ethvlhexvlj Phthalate 5J 3 54-GW09 
11 Januarv 2001 IBis(2-Ethvlhexilj Phthalate- 1 17 I : 3 154-GW1011 

October 2001 4-Methylphenol 350 J 3.5 (2) 54-GW 11 
Naphthalene 1200 J 21 54-GW 11 
Phenol 600 J 300 54-GW 11 

1 January 2002 IBis(2-Ethylhexyl) Phthalate 1 2 10 I 3 /54-GWi 11 

- All concentiations reported in ug/L 

Notes: 
(1) There were no VOC detections exceeding the NCWQS during the shown 

reporting periods 
(2) Interim Standard 

J - Analyte was positively identified, value is estimated 
NA - Not Applicable 
NCWQS - North Carolina Water Quality Standards 
ND - None Detected above NCWQS 



TABLE 2-l 
POTENTIAL LOCATION-SPECIFIC ARARs 

OPERABLE UNIT NO. 6, SITES 36,43,44 AND 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Potential Location-Specific ARAR 
General 
Citation ARAR Evaluation 

National Historic Preservation Act of 
1966 - requires action to take into 
account effects on properties included 
in or eligible for the National Register 
of Historic Places and to minimize 
harm to National Historic Landmarks. 

16 USC 470,40 No known historic properties 
CFR 6.301(b), are within or near OU No. 6, 
and 36 CFR therefore, this act will not be 
800 considered an ARAR. 

Archeological and Historic 
Preservation Act - establishes 
procedures to provide for preservation 
of historical and archeological data 
which might be destroyed through 
alteration of terrain. 

16 USC 469, 
and 40 CFR 
6.301(c) 

No known historical or 
archeological data is known 
to be present at OU No. 6, 
therefore, this act will not be 
considered an ARAR. 

Historic Sites, Buildings and 
Antiquities Act - requires action to 
avoid undesirable impacts on 
landmarks on the National Registry of 
Natural Landmarks. 

Fish and Wildlife Coordination Act - 
requires action to protect fish and 
wildlife from actions modifying 
streams or areas affecting streams. 

16 USC No known historic sites, 
46 1467, and 40 buildings or antiquities are 
CFR 6.301(a) within or near OU No. 6, 

therefore, this act will not be 
considered as an ARAR. 

16 USC Brinson Creek, Edwards 
661-666 Creek and unamed 

tributarites are loacted on OU 
No. 6. If remedial actions are 
implemented to modify these 
waterways, this act will be 
considered an ARAR. 

their habitat. Bachmans sparrow, the Black 
skimmer, the Green turtle, 
the Loggerhead turtle, the 
piping plover, the Red- 
cockaded woodpecker, and 



TABLE 2-l (continued) 
POTENTIAL LOCATION-SPECIFIC ARARs 

OPERABLE UNIT NO. 6, SITES 36,43,44 AND 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Potential Location-Specific ARAR ARAR Evaluation 

Endangered Specres 

10 Permit) - requires permit for structures 
or work in or affecting navigable waters. 

destruction or loss of wetlands and to 

Management - establishes spec 

floodplain. 

Agency’s Flood Insurance 
Rate Map for Onslow County, 
OU No. 6 is primarily within a 
minimal flooding zone 
(outside the 500-year 
floodplain). There are some 
site boundary areas ithin OU 
No. 6, however, that are within 

OU No. 6, therefore, this will 

x scenic rivers. 6 therefore this act will not be 



TABLE 2-l (continued) 
POTENTIAL LOCATION-SPECIFIC ARARs 

OPERABLE UNIT NO. 6, SITES 36,43,44 AND 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Potential Location-Specific ARAR 
General 
Citation ARAR Evaluation 

Coastal Zone Management Act - 
requires activities affecting land or 
water uses in a coastal zone to certify 
noninterference with coastal zone 
management. 

Clean Water Act (Section 404) - 
prohibits discharge of dredged or fill 
material into wetland without a permit. 

16 USC 1451 

33 USC 404 

No activities at the site will 
affect land or water uses in a 
coastal zone, therefore, this act 
will not be considered an 
ARAR. 

No actions to discharge 
dredged or fill material into 
wetlands will be considered 
for OU No. 6, therefore, this 
act will not be considered an 
ARAR. 

RCRA Location Requirements - 
limitations on where on-site storage, 
treatment, or disposal of RCRA 
hazardous waste may occur. 

North Carolina Hazardous Waste 
Management Rules 

40 CFR 264.18 These requirements may be 
applicable if the remedial 
actions for OU No. 6 include 
the on-site storage, treatment, 
or disposal of RCRA 
hazardous waste (although no 
RCRA hazardous waste is 
expected to be present at OU 
No. 6). Therefore, these 
requirements may be an 
applicable ARAR. 

15A NCAC 13 A Location requirements and 
land disposal restrictions for 

ous waste excavated, 
and/or treated onsite. 
ay be an applicable 

environmental concern. This 

Notes: 

LeBlond, Richard. 199 1. “Critical Species List. Camp Lejeune. Endangered Species and Special-Interest 
Communities Survey.” Principal Investigator. 



TABLE 2-2 
POTENTIAL ACTION-SPECIFIC ARARs 

OPERABLE UNIT NO. 6, SITES 36,43,44 AND 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

\IC Injection Well Construction requirements for 15A NCAC 2C.0200 



TABLE 2-2 (continued) 
POTENTIAL ACTION-SPECIFIC ARARs 

OPERABLE UNIT NO. 6, SITES 36,43,44 AND 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Control Rules 

Notes: 

~ management and erosion control 

Design and treatment requirements 1 15A NCAC 13A - 
for hazardous waste 

Design and monitoring requirements 15A NCAC 13B 
for solid waste disposal sites 

Regulates air quality and establishes 15A NCAC 2D, 2H .0600, 

J 

(1) RCRA = Resource Conservation Recovery Act 
CWA = Clean Water Act 
CAA = Clean Air Act 
NAAQS = National Ambient Air Quality Standards 
SDWA = Safe Drinking Water Act 



TABLE 2-3 
SITE 36 SURFACE SOIL DATA AND COC SELECTION SUMMARY (RESIDENTIAL LAND USE) 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

VOLATILES (@kg) 
Styrene 
Tetrachloroethene 
Toluene 
Trichloroethene 
Xylene (total) 
SEMIVOLATILES (@kg) 
2-Methylnapthalene 
Acenaphthene (PAH) 
Anthracene (PAH) 
Benzo(a)anthracene (PAH) 
Benzo(a)pyrene (PAH) 
Benzo(b)fluoranthene (PAH) 
Benzo(g,h,i)perylene (PAH) 
Benzo(k)fluoranthene (PAH) 
Butylbenzylphthalate 
Carbazole 
Chrysene (PAH) 
Dibenz(a,h)anthracene (PAH) 
Dibenzofuran 
Fluoranthene (PAH) 
Fluorene (PAH) 
lndeno( 1,2,3-cd)pyrene (PAH) 
Naphthalene (PAH) 
n-Nitro-di-n-propylamine 
Phenanthrene (PAH) 
Pyrene (PAH) 
PESTICIDES/PCBs (@kg) 
4-4’-DDD 
4-4-DDE 
4-4’-DDT 
Aldrin 
alpha-Chlordane 
Aroclor 1248 
Aroclor 1254 
Dieldrin 
Endosulfan I 
Endosulfan Sulfate 
Endrin 
Endrin aldehyde 
Endrin Ketone 
gamma-BHC (Lindane) 
gamma-Chlordane 
Heptachlor 
Heptachlor epoxide 

Screening Criteria =i= Contaminant Frequency I Range J Location 

Residential 
Screening Value 

No. of Positive 
Detects / 

No. of Samples 

1,700,OOO N l/61 
5,700 c 316 1 

520,000 N 4161 
18.3 c(” l/61 

2 10,000 N 1161 

~,600,000 N (*) 2f57 
3,700,OOO N 1157 

22,000,OOO N l/57 
620 C 2157 
62 C 2157 

620 C 3157 
230,000 N 0) l/57 

6,200 c 2157 
12,000,000 N 3157 

24,000 C l/57 
62,000 C 5157 

62 C l/57 
290,000 N l/57 

2,300,OOO N 5157 
2,600,OOO N II57 

620 C 3157 
56,000 N 2157 

69 C 1157 
230,000 N c3) 4157 

2,300,OOO N 8f57 

2,400 C 
1,700 c 
1,700 c 

29 c 
1,600 c c4) 

220 c 
220 c 
30 c 

370,000 N 
370,000 N @) 

18,000 N 
1,800 N@) 
1,800 N (@ 

440 c 
1,600 c c4) 

110 c 
53 c 

37157 
49f57 
48/57 
3i57 
15157 
9157 
3157 
21157 
3157 
2157 
II57 
I/57 
l/57 
l/57 
10157 
II57 
IO/57 

Range of 
‘ositive Detection: 

39 - 39 
2- 3 
8- 98 
4- 4 
7- 7 

54 - 82 
330 - 330 
780 - 780 
46 - 3,900 
40 - 3,300 
51 - 3,600 

2,400 - 2,400 
39 - 1,500 
51 - 290 

240 - 240 
51 - 4,600 

720 - 720 
150 - 150 
54 - 5,500 

200 - 200 
46 - 2,700 
48 - 120 

320 - 320 
59 - 2,500 
41 - 11,000 

2.8 - 550 
2.2 - 2,600 
1.8 - 12,000 

.5- 5.1 
1.2 - 980 
68 - 24,000 
92 - 530 
2- 16,000 

8.3 - 36 
2.5 - 4.2 
9.9 - 9.9 
I2 - I2 
15 - I5 
4- 4 

1.2 - 840 
1.9 - 1.9 

2- 67 

Location 
of Maximum 

Detection 

GS-SB03 
36-GW12 
OF-SBO 1 

FDA-SB03 
OF-SB06B 

OA-SBOIA 
OF-SB04 
OF-SB04 
OF-SB04 
OF-SB04 
OF-SB04 
OF-SB04 
OF-SB04 
OA-SB03 
OF-SB04 
OF-SB04 
OF-SB04 
OF-SB04 
OF-SB04 
OF-SB04 
OF-SB04 
OF-SBO4 

DAB-SB03 
OF-SB04 
OF-SB04 

OA-SBOlA 
OA-SBOlA 
OA-SBOlA 
OF-SB03 
OA-SBOS 
OA-SBO 1 I 
OA-SBO 1 
OF-SB03 

OA-SBOI E 
OF-SBOG 
OA-SBO8 
OF-SBO2 
OF-SB03 

OF-SB06D 
OA-SBOS 
FCA-SB 12 
OA-SBO I I 

COC Selection 
Selected 

as a 
COC? 

No 
No 
No 
No 
No 

No 
No 
No 

No 
No 
No 
No 

No 
No 

No 

No 

N”,:], 

No(‘) 

No 
No 
No 
No 
No 
No 

Basis for 
Screening 
Criteria 

PRG 
PRG 
PRG 
SSL 
PRG 

Region III 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 

PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 



TABLE 2-3 (continued) 
SITE 36 SURFACE SOIL DATA AND COC SELECTION SUMMARY (RESIDENTIAL LAND USE) 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

II 
Contaminant 

Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 
Zinc 

Screening Criteria f Contaminant Frequency / Range / Location 

Residential 
Screening Value 

No. of Positive 
Detects / 

No. of Samples 

76,000 N 521.52 
31 N 7146 
22 c@) 43152 

5,400 N 51152 
150 N II52 
37 N 8/52 

NA 5 1152 
210 c 52l52 

4,700 N 10152 
2,900 N 39152 

23,000 N 52152 
400 N 48152 
NA 52l52 

1,800 N 52152 
23 N 18152 

1,600 N 26f52 
NA 32152 
390 N 12152 

390,000 N 8148 
NA 3lf52 
550 N 50152 

23,000 N 50152 

Range of 
‘ositive Detection: 

1,010 - 17,600 
3.3 - 31.7 

0.39 - 10.4 
4.5 - 141 

0.18 - 0.18 
0.7 - 6.3 
IO6 - 103,000 
1.6 - 51.6 

0.88 - 9 
0x5 - 445 
863 - 86,200 
4.3 - 836 
52 - 1,020 
2.1 - 940 
0.1 - 2.4 

1 - 48.3 
33.7 - 676 
0.32 - 0.53 
0.6 - 12 
9.6 - 358 
2.9 - 46 
2.1 - 1.320 

Location 
of Maximum 

Detection 

FCA-SB09 
OA-SB08 

OA-SB08 
OA-SBO8 
FCA-SB IO 
OA-SB08 
OF-SBO6 
OA-SB08 
OA-SB08 
OA-SB08 
OA-SB08 
OA-SB08 

DAD-SBOl 
OA-SB08 
OA-SBO5 
OA-SB08 
FCA-SBO5 
36-SBOGD 
OF-SB04 

DAD-SBO I 
OA-SB08 
OA-SB08 

Selected 
as a 

COC? 

COC Selection 
Basis for 
Screening 
Criteria 

No 

No 
No 
No 
No 
No 
No 
No 

No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
EPA 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 

NA - Not Applicable 
COC - Chemical of Concern 
RBC - Risk Based Concentration 
SSL - Soil Screening Levels 

EPA - OSWER Action Level for Lead ugikg - microgram per kilogram 
PRG - Preliminary Remediation Goal mg/kg - milligram per kilogram 
PAH - Polynuclear Aromatic Hydrocarbon 

C - Carcinogenic 
N - Non-Carcinogenic 

(1) PCB Contaminated soil was removed during the removal action that OHM conducted in 1997 
(2) USEPA Region III RBC 
(3) Screening value for pyrene used as a surrogate 
(4) Screening value for chlordane used as a surrogate 
(5) Screening value for endosulfan used as a surrogate 
(6) Screening value for endrin used as a surrogate 
(7) Soil contaminants are screened against NC SSLs when they are present in groundwater above State standards 
(8) USEPA Region IX pathway-specific concentration for combined exposure in residential soil 



TABLE 2-4 
SITE 36 SUBSURFACE SOIL DATA AND COC SELECTION SUMMARY (RESIDENTIAL LAND USE) 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

VOLATILES @g/kg) 
1,2-Dichloroethene (total) 
Acetone 
Benzene 
Toluene 
Trichloroethene 
Xylene (total) 
SEMIVOLATILES (@kg) 
1,4-Dichlorobenzene 
2-Methylnaphthalene 
2-Methylphenol 
4-Methylphenol 
Benzo(a)anthracene (PAH) 
Benzo(a)pyrene (PAH) 
Benzo(b)fluoranthene (PAH) 
Benzo(g,h,i)perylene (PAH) 
Benzo(k)fluoranthene (PAH) 
Butylbenzylphtalate 
Chrysene (PAH) 
Di-n-butylphtalate 
Fluoranthene (PAH) 
Indeno(l,2,3cd)pyrene (PAH) 
Isophorone 
Naphthalene (PAH) 
Phenanthrene (PAH) 
Pyrene (PAH) 
PESTICIDES/PCBs (@kg) 
4,4’-DDD 
4$-DDE 
4,4’-DDT 
Aldrin 
alpha-Chlordane 
Aroclor 1248 
Dieldrin 

Endosulfan II 
Endrin 
Endrin Aldehyde 
gamma-BHC (Lindane) 
gamma-Chlordane 
Heptachlor Epoxide 

Screening Criteria T Contaminant Frequency / Range / Location 

Residential 
Screening Value 

No. of Positive 
Detects / 

No. of Samples 

4,300 N If62 
l,GOO,OOO N 8162 

670 C l/62 
520,000 N SIG2 

18.3 c (‘) 3/62 
210,000 N 8/62 

3,400 c 
1,600,OOO N (21 
3,100,OOO N 

3 10,000 N 
620 c 
62 c 

620 C 
230,000 N (3) 

6,200 c 
12,000,000 N 

62,000 c 
6,100,OOO N 
2,300,OOO N 

620 C 
510,000 c 
56,000 N 

230,000 N (3) 
2,300,OOO N 

1157 97 - 97 
2157 65 - 85 
1158 510 - 510 
l/58 43 - 43 
3157 69 - 140 
4157 72 - 450 
567 44 - 170 
2/57 42 - 89 
3157 42 - 68 
3157 42 - 170 
5157 41 - 200 
l/58 56 - 56 
3157 130 - 320 
3157 48 - 110 
l/58 2,100 - 2,lC 
1157 41 - 41 
3157 48 - 190 
5157 59 - 320 

2,400 C 30156 
1,700 c 29156 
1,700 c 28156 

29 c 5l.56 
1,600 c 14) 12156 

220 c 5156 
30 c 17156 

3 70,000 N (‘) l/56 
18,000 N 5156 
1,800 N@) 3156 

440 c l/56 
1,600 c 9156 

53 c 3/56 

Range of 
Positive Detecti 

4 - 4 
12 - 480 
3 - 3 
5 - 17 
3 - 5 
2 - G 

2.3 - 1,3C 
2.3 - 1,7C 
2.8 - 3,lC 
1.5 - 16 
1.6 - 750 
19 - 850 

2.2 - 1,2c 

2 - 2 
2.4 - 5 
3.5 - 32 

4 - 4 
2.3 - 770 
3.4 - 14 

Location 
of Maximum 

Detection 

OA-SBO 1 
GS-SB03 

FDA-SBOI 
OF-SBO6 

FDA-SBO 1 
FDA-S306 

DAB-SBO2 
FDA-SB02 
DAB-SBO 1 
DAB-SBOl 
OA-SB07 
GS-SB03 
OA-SB07 
OA-SB07 
OA-SB07 
OA-SB03 
OA-SB07 
OA-SBO 1 
OA-SB07 
OA-SB07 

DAB-SBO 1 
OA-SBOIA 
OA-SB07 
OA-SB07 

FDA-SBOS 
OA-SBOl A 
OA-SBOIA 
36GW 11 
36-GWl I 
OA-SBO 1 
FDA-SBOS 

OF-SB06B 
OF-SB06B 
FDA-SBOS 
OF-SB06D 
36-GW 11 
36-GW 11 

COC Selection 
Selected 

as a 
COC? 

No 
No 
NO 

No 
No 
No 

No 
No 
No 
No 
No 

No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

No 

No 
No 
No 
No 
No 
No 

Basis for 
Screening 
Criteria 

PRG 
PRG 
PRG 
PRG 
SSL 
PRG 

PRG 
Region III 

PRG 
PRG 
PRG 
PRG 
PRG 
RBC 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
RBC 
PRG 

PRG 
PRG 
PRG 
PRG 
RBC 
PRG 
PRG 
PRG 
PRG 
RBC 
PRG 
PRG 
PRG 
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TABLE 2-4 (continued) 
SITE 36 SUBSURFACE SOIL DATA AND COC SELECTION SUMMARY (RESIDENTIAL LAND USE) 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

METALS (mg/kg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 

Screening Criteria =r- Contaminant Frequency i Range I Location 

Residential 
Screening Value 

No. of Positive 
Detects I 

No. of Samples 

76,000 N 51/51 
31 N 7144 

22 c(*) 41151 
5,400 N 5015 I 

150 N 215 1 
37 N 1 l/51 

NA 49f5 1 
210 c 5015 1 

4,700 N 1 G/5 1 
2,900 N 31151 

23,000 N 51151 
400 N 5015 1 
NA 51151 

1,800 N 4715 I 
23 N 13J51 

1,600 N 24J5 1 
NA 3215 1 

390,000 N 415 1 
390 N 3J48 
NA 34J5 1 
550 N 4915 1 

23,000 N 41f51 

COC Selection . . 
Location Selected Basis for 

Range of of Maximum asa Screening 
Positive Detections Detection COC? Criteria 

752 - 
4.9 - 

0.2 - 
2- 

0.17 - 
0.7 - 
15 - 
1.4 - 

0.48 - 
0.5 - 

408 - 
1.2 - 

20.2 - 
0.85 - 
0.12 - 

1.1 - 
47.2 - 
0.4 - 

0.55 - 
5.2 - 
1.G - 

19,700 FDA-S305 
21.6 36GW11 

25.9 FDA-S301 
475 36-GW 11 
0.18 FCA-SB IO 
42.8 36GWI 1 
46,300 OF-SB06B 
71.9 36-GWll 
9.4 OA-SB07 
1,320 OF-S3063 
132,000 36GWl I 
2,680 OA-SB07 
2,700 36-GWI 1 
1,260 FDA-SBO 1 
3.9 OA-SB07 
72.1 DAD-S302 
1,640 FDA-S306 
1.2 OF-S306 
0.89 36-GW 11 
501 FDA-S306 
52.6 OF-SBOG 

No I I No 

I I No 

PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
EPA 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 

0.9 - 2,580 IFDA-SBOS 1 No 1 PRG 

NA - Not Apphcable EPA - OSWER Action Level for Lead ugikg - microgram per kilogram C - Carcinogenic 
COC - Chemical of Concern PRG - Preliminary Remediation Goal mg/kg - milligram per kilogram N - Non-Carcinogenic 
RBC - Risk Based Concentration PAH - Polynuclear Aromatic Hydrocarbon 
SSL - Soil Screening Levels 

(1) PCB Contaminated soil was removed during the removal action that OHM conducted in 1997 
(2) USEPA Region III Residential RBC 
(3) Screening value for pyrene used as a surrogate 
(4) Screening value for chlordane used as a surrogate 
(5) Screening value for endosulfan used as a surrogate 
(6) Screening value for endrin used as a surrogate 
(7) Soil contaminants are screened against NC SSLs when they are present in groundwater above State standards 
(8) USEPA Region IX pathway-specific concentration for combined exposure in residential soil 



TABLE 2-5 
SITE 36 FINAL SOIL COCs AND REMEDIATION GOALS (RESIDENTIAL LAND USE) 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

lcylilyoiilill 
Benzo(a)anthracene (PAH) 
Benzo(a)pyrene (PAH) 
Benzo(b)fluoranthene (PAH) 
Dibenz(a,h)anthracene (PAH) 
Indeno( 1,2,3-cd)pyrene (PAH) 
n-Nitro-di-n-propyiamine 
PESTICIDES/PCBs @g/kg) 
4-4-DDE 
4-4’-DDT 
Dieldrin 

gamma-Chlordane 
Heptachlor epoxide 
METALS (mg/kg) 

Antimony 

Arsenic 

Cadmium 
Lead s 

Remedial 
Goal 

620 C 
62 c 

620 C 
62 c 

620 C 
69 c 

1,700 c 
1,700 c 

30 c 
1,600 c (‘) 

53 c 

3 1 N (” 
22 c cow 

37 N (3) 

400 N 

Basis For 
Remedial Goal 

PRG 
PRG 
PRG 
PRG 
PRG 
PRG 

PRG 
PRG 
PRG 

PRG 
PRG 

PRG 

REX 

PRG 
EPA 

ugikg - microgram per kilogram 
mglkg - milligram per kilogram 
C - Carcinogenic 
N - Non-Carcinogenic 
PRG - USEPA Region IX Preliminary Remediation Goal (Residential) 
EPA - OSWER Action Level for Lead 
PAH - Polynuclear Aromatic Hydrocarbon 
RBC - Risk Based Concentration 

(1) Surrogate value for Chlordane used 
(2) USEPA Region IX pathway-specific concentration for combined 

exposure in residential soil 
(3) Exceeds USEPA Region IX PRG, but does not generate 

unacceptable risk at Site 36 



TABLE 2-6 
SITE 36 GROUNDWATER DATA AND COC SELECTION SUMMARY 

OPERABLE UNlT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

VOLATILES (‘) tug/L) 
I ,2-Dichloroethene (total) 
Trichloroethene 

1,1,2,2-Tetrachloroethane 
cis- 1,2-Dichloroethene 
Vinyl Chloride 

METALS (4) (rig/L) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Sodium 
Vanadium 
Zinc 

NE - Not Established 
NA - Not Applicable 
COC - Chemical of Concern 

Screenir 

MCL 

NE 
5 

NE 
70 
2 

200 C5’ 
G 
10 
2,000 
4 
5 

NE 
100 
NE 
1,000 

300 
15 
NE 
50 
2 

NE 
NE 
NE 

NCWQS 

NE 
NE 
50 

2,000 
NE 

5 
NE 
50 

NE 
1,000 

300 
15 

NE 
50 
l.i 
100 
NE 
NE 
NE 

2,100 

Contaminant Frequency I Range i Location 
No. of Positive 

Detects / 
No. of Samples 

5110 
6/10 
3110 
5/10 
5110 

G/l 1 
1111 
6/l 1 
1 l/l I 
l/l 1 
6/11 
1 l/l I 
5/l 1 
111 I 
3/l I 
1 l/l 1 
2/11 
I l/l 1 
G/l 1 
Ii1 I 
7111 
1 l/l 1 
I l/l I 
5/l 1 
9/l 1 

Range of 
Positive Detections 

35 - 20 
35 - 44 

45 - 20 
35 - 20 
1J - 2 

6,630 - 6,980 
3.7B - 3.7 B 
2.6 B - 5.4 B 
7.4B - 104 B 

0.23 B - 0.23 B 
0.26 B - 1 B 
1980 B - 188,000 

l.lB - 7.9B 
1.3 B - 1.3 B 
1.8B - 3B 

146 - 5,620 
5 -5 

509 B - 26,000 
6.1 B - 222 

0.07 B - 0.07 B 
1.9B - 5B 
5,150 - 29,300 
7,790 - 40,300 

0.83 B - 10.3 B 

0.47 B - 14.1 B 

Location 
of Maximum 

Detection 

36-GWlOIW 
36GWIOIW 

36-GW16IW 
36-GW I OIW 
36-GW 18IW 

36-GWIOIW 
36-GWIO 
36-GW03 
3G-GW09 

36-GWIOIW 
36GW03 

36-GW16IW 
36-GWIO 
36-GW03 
36-GW09 
36-GWl3 
36GWlO 

36-GWIODW 
36-GW09 
36-GWIO 

36-GWl6lW 
36-GWIODW 
36-GWl31W 
36-GWIOIW 

36-GW09 

COC Selection 
Selected 1 Basis for 

NCWQS 
NCWQS 

No I NCWQS 
NCWdS 

MCL 
MCL. 
MCL 

NCWQS 
MCL 

NCWQS 
NA 

NCWQS 
NA 

NCWQS 
NCWQS 
NCWQS 

NA 
NCWQS 
NCWQS 
NCWQS 

NA 
NA 
NA 

NCWQS 

NCWQS - North Carolina Water Quality 2L Standard 
ug/L - microgram per liter 
MCL - Maximum Contaminant Level (when NCWQS is not established) 
B -The reported value is less than Contract-Required Detection Limits (CRDL), but greater than Instrument Detection Limits (IDC) 
J - Analyte present - Reported value is estimated 

(1) NCWQS 2L, MCL 
(2) Data for volatiles taken from 01/2002 Long-Term Monitoring sampling event 
(3) Interim Standard 
(4) Data for metals taken from 04/200 1 Long-Term Monitoring sampling event 
(5) Secondary Drinking Water Standard 



TABLE 2-7 
SITE 36 FINAL GROUNDWATER COCs AND REMEDIATION GOALS 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Trichloroethene 
1,1,2,2-Tetrachloroethane 
Vinyl Chloride 

METALS (3) (ug/L) 

Aluminum 

Kg anese 

Remedial Goal 

*y (4) 

0.015 

200 
300 

50 

Basis tar Kemedral 

Goal (‘I 

NCWQS 
NCWQS 
NCWQS 

MCL 14) 
NCWQS 
NCWQS 

COC - Chemical of Concern 
NCWQS - North Carolina 2L Standard 
ug/L - microgram per liter 

(1) NCWQS 2L 
(2) Data for volatiles taken from 01/2002 Long-Term Monitoring sampling event 
(3) Data for metals taken from 04/2001 Long-Term Monitoring sampling event 
(4) Interim Standard 
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TABLE 2-8 
SITE 43 SURFACE SOIL DATA AND COC SELECTION SUMMARY (RESIDENTIAL LAND USE) 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

SEMIVOLATILES (ug/kg) 
2-Methylnapthalene 
4-Methylphenol 
Acenaphthene (PAH) 
Acenaphthylene 
Anthracene (PAH) 
B(g,h,i)perylene (PAH) 
Benzo(a)anthracene (PAH) 
Benzo(a)pyrene (PAH) 
Benzo(b)fluoranthene (PAH) 
Benzo(k)fluoranthene (PAH) 
Butylbenzylphthalate 
Carbazole 
Chrysene (PAH) 
Dibenz(a,h)anthracene (PAH) 
Dibenzpfuran 
Fluoranthene (PAH) 
Fluorene (PAH) 
Indeno( 1,2,3-cd)pyrene (PAH) 
Phenanthrene (PAH) 
Pyrene (PAH) 
PESTICLDEWPCBs (ug/kg) 
4-4’-DDD 
4-4’-DDE 
4-4’-DDT 
Endtin aldehyde 
Heptachlor epoxide 
METALS (mg/kg) 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Zinc 

Gcreening Criteria 

Residential 
Screening Value 

1,600,OOO N (l) 
3 10,000 N 

3,700,OOO N 
3,700,OOO N 

22,000,OOO N 
230,000 N c2) 

620 C 
62 C 

620 C 
6,200 C 

12,000,OOO N 
24,000 C 
62,000 C 

62 C 
290,000 N 

2,300,OOO N 
2,600,OOO N 

620 C 
230,000 N c2) 

2,300,OOO N 

2,400 C 
1,700 c 
1,700 c 
1,800 Nc3) 

53 c 

37 N 
210 c 

2,900 N 
400 Nc4) 

1,800 N 
23 N 

1,600 N 
23,000 N 

Contaminant Frequency / Ran! 

No. of Positive Range of 
Detects / Positive 

No. of Sample: Detections 

II28 
1128 
3128 
l/28 
3128 
9128 
9128 
9128 
lo/28 
9128 
3128 
5/28 
9/28 
8128 
2128 
10128 
3128 
1 Oi28 
8128 
1 O/28 

74 - 74 
120 - 120 
45 - 2,100 
71 - 71 
44 - 820 
87 - 24,000 
51 - 40,000 
79 - 39,000 
44 - 52,000 
57 - 20,000 
50 - 420 
99 - 350 

110 - 46,000 
47 - 1,200 
35 - 870 
49 - 60,000 
53 - 1,700 
42 - 27,000 
54 - 5,900 
49 - 64,000 

l/7 
517 
417 
l/7 
l/7 

3,000 - 3,000 
5.7 - 1,000 
10 - 1,000 

5.4 - 5.4 
2- 2 

212 1 
21121 
17/21 
2012 1 
21/21 
3121 
812 I 
21121 

0.7 - 1.7 
1.1 - 106 
0.5 - 55.7 
4.3 - 246 
2.8 - 189 
0.1 - 0.5 
1.1 - 5 
1.5 - 595 

/ Location 

Location 
of Maximum 

Detection 

WA-SBOl A 
DAI-SB02 
WA-SBOlA 
WA-SBOlA3 
WA-SBOl A 
WA-SBOI A 
WA-SBOlA 
WA-SBOlA 
WA-SBOlA 
WA-SBO 1 A 
OA-SB03 

WA-SBOl A 
WA-SBOlA 
WA-SBOl A 
WA-SBOlA 
WA-SBO 1 A 
WA-SBOl A 
WA-SBOlA 
WA-SBOl A 
WA-SBOl A 

DA1 -SB03 
DA1 -SB03 
DA1 -SB03 
DA2-SB03 
WA-SBOl A 

WA-SBO2 
DA 1 -SB02 
DA2-SBOl 
DA2-SBOl 
DA2-SBO 1 
DA 1 -SB02 
DA2-SBO 1 
DA1 -SB02 

- 
COC Selection 

-- 
Selected 

a.s a 
COC? 

No 

No 
No 
No 

No 
No 
No 
No 
No 
No 
No 
No 

Basis fol 
Screenin; 
Criteria 

Region II 
PRG 
PRG 
PRG 
PRG 
REiC 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
REX 
PRG 

PRG 
PRG 
PRG 
RBC 
PRG 

PRG 
PRG 
PRG 
EPA 
PRG 
PRG 
PRG 
PRG 

/““i NA - Not Applicable 
COC - Chemical of Concern 
RBC - Risk Based Concentration 

(I) USEPA Region III RBC 

EPA - OSWER Action Level for Lead u&g - microgram per kilogram C - Carcinogenic 
PRG - Preliminary Remediation Goal mgnCg - milligram per kilogram N - Non-Carcinogenic 
PAH - Polynuclear Aromatic Hydrocarbon S - Soil Saturation 

(2) Screening value for pyrene used as a surrogate 
(3) Screening.vafue for endrin used as a surrogate 
(4) EPA OSWER Directive for Lead 



TABLE 2-9 
SITE 43 SUBSURFACE SOIL DATA AND COC SELECTION SUMMARY (RESIDENTIAL LAND USE) 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

SEMIVOLATILES (q/kg) 
Benzo(a)anthracene (PAH) 
Benzo(a)pyrene (PAH) 
Benzo(b)fluoranthene (PAH) 
Benzo(g,h,i)perylene (PAH) 
Benzo(k)fluoranthene (PAH) 
Butylbenzylphtalate 
Carbazole 
Chrysene 
Fluoranthene (PAH) 
Indeno( 1,2,3-cd)pyrene (PAH) 
Phenanthrene (PAH) 
Pyrene (PAH) 
PESTICIDES/PCBs (ug/kg) 
4,4’-DDD 
4,4’-DDE 
4,4’-DDT 
METALS (mg/kg) 
Copper 

Screening Criteria 

Residential 
Screening Value 

620 C 
62 C 

620 C 
230,000 N(I) 

6,200 C 
12,000,OOO N 

24,000 C 
62,000 C 

2,300,OOO N 
620 C 

230,000 N 
2,300,OOO N 

2,400 C 
1,700 c 
1,700 c 

2,900 N 

Contaminant Frequency I Range I Location 

No. of Positive 
Detects / 

No. of Samples 

l/20 
l/20 
l/20 
l/20 
l/20 
2/20 
l/20 
l/20 
l/20 
l/20 
l/20 
l/20 

l/7 
117 
I/7 

6/20 

_ _ 
Range of 
Positive 

Detections 

390 - 390 
570 - 570 
780 - 780 
790 - 790 
340 - 340 

39 - 440 
73 - 73 

740 - 740 
850 - 850 
890 - 890 
430 - 430 
,800 - 1,800 

,200 - 1,200 
9- 9 

45 45 

0.4 - 3.6 

Location 
)f Maximun 
Detection 

WA-SB02 
WA-SBO2 
WA-SB02 
WA-%302 
WA-SBO2 
OA-SB03 
WA-SB02 
WA-SB02 
WA-SBO2 
WA-SB02 
WA-SB02 
WA-SB02 

DA 1 -SB03 
DA l-SB03 
DAl-SB03 

OA-SBO 1 

COC Selection 
-- 
lselected 

as a 
COC? 

Basis for 
Screening 
Criteria 

No 

No 
No 
No 
No 

No 
No 

No 
No 
No 

No -- -- 

PRG 
PRG 
PRG 
RBC 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 
PRG 

PRG 
PRG 
PRG 

PRG 

NA - Not Applicable RBC - Risk Based Concentration C = Carcinogenic ug/kg - microgram per kilogram 
COC - Chemical of Concern PRG - Preliminary Remediation Goal S = Soil Saturation mglkg - milligram per kilogram 

PAH - Polynuclear Aromatic Hydrocarbon N = Non-Carcinogenic 

(1) Screening value for pyrene used as a surrogate 



TABLE 2-10 
SITE 43 FINAL SOIL COCs AND REMEDIATION GOALS (RESIDENTIAL LAND USE) 

OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

II I Remedial I Basis For II 
Contaminant 

SEMIVOLATILES (q/kg) 
Benzo(a)anthracene (PAH) 
Benzo(a)pyrene (PAH) 
Benzo(b)fluoranthene (PAH) 
Benzo(k)fluoranthene (PAH) 
Dibenz(a,h)anthracene (PAH) 
/Indeno( 1,2,3-cd)pyrene (PAH) 

Goal 

620 C 
62 C 

620 C 
6,200 C 

62 C 
620 C 

Remedial Goal 

PRG 
PRG 
PRG 
PRG 
PRG 

PRG 

ug/kg - microgram per kilogram 
C - carcinogenic 
PRG - USEPA Region IX Preliminary Remediation Goal (Residential) 
PAH - Polynuclear Aromatic Hydrocarbon 



Media 

$oillSediment 

3roundwater 

TABLE 3-l 
POTENTIAL REMEDIAL ACTION TECHNOLOGIES AND PROCESS OPTIONS 

OPERABLE UNIT NO. 6, SITES 36,43,44, and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General Response Action 

No Action 

lnstitutional Controls 

Containment/Removal Actions 

Treatment Actions 
:Ex-Situ) 

Treatment Actions 
‘In-Situ) 

rlo Action 

nstitutional Controls 

Treatment Actions 
Ex-Situ) 

rreatment Actions 
In-Situ) 

Remedial Action 
Technology Type 

No Action 

Land Use Restrictions 
(Intrusive Activities) 

Excavation 

Disposal 

Thermal Treatment 

Physical/Chemical 
Treatment 

Thermal Treatment 

Biological Treatment 

PhysicalChemical 
Treatment 

No Action 
Land Use Restrictions 
(Aquifer Use and Intrusive 
Activities) 

Physical/Chemical 
Treatment 

Biological 
Physical/Chemical 
Treatment 

Process Option 

No Action 

Deed restrictions/ LUCIP 

Clay/Soil Cap 

Asphalt/Concrete Cap 

Multi-layered Cap 

Excavation 

Landfill Disposal 

Thermal Desorption 
Pyrolysis 

Chemical Reduction /Oxidation 

Separation 

Soil Washing 

Solar Detoxification 

Solidification 

Solvent Extraction 

Thermally Enhanced Soil 
Vapor Extraction 

Phytoremediation 

Electrokinetic Separation 

Soil Flushing 

Solidification/Stabilization 

No Action 
Deed restrictions / LUCIP 

Granular Activated Carbon 

Air Stripping 
Bioreactors 
Enhanced Natural Attenuation 



TABLE 3-2 
PRELIMINARY SCREENING OF REMEDIAL ACTION TECHNOLOGIES AND PROCESS OPTIONS 

OPERABLE UNIT NO. 6, SITES 36,43,44 AND 54 
FEASIBILITY STUDY, CTO-02 19 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Site-Specific Applicability 

Removal Actions 

to runoff/erosion. 

Treatment 
Actions 
(Ex-Situ) 

Disposal 

Thermal 
Treatment 

Off-Site Landfill 

Incineration 

Thermal Desorption 

cleanup levels will be excavated for subsequent 
treatment or disposal. 

Permitted off-site landfill disposal facilities * Potentially Applicable Retained 36,43 
accept the contaminated soils and sediments for 
disposal. 

Established technology for treatment of organic . Volatile metals in the soil Eliminated 
contaminants via combustion. Off-gas such as arsenic, lead, 
treatment required. Metals in soil may limit cadmium and mercury 
applicability. require the installation of 

gas cleaning systems 

Wastes are heated to volatilize water and Heavy metals in the feed 
organic contaminants. A carrier gas or vacuum may produce a reside that 

requires stabilization 

materials by heat, and transformed into gaseous 
components and a solid residue containing . 
fixed carbon and ash. 

Media with heavy metals 
uire stabilization 
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TABLE 3-2 (continued) 
PRELIMINARY SCREENING OF REMEDIAL ACTION TECHNOLOGIES AND PROCESS OPTIONS 

OPERABLE UNIT NO. 6, SITES 36,43,44 AND 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Site-Specific Applicability 

uction/Oxidation 
agent such as chlorine, hydrogen peroxide or SVOCs or VOCs 

of reactive radic 
nts into non-toxi a May only practically remove 

are bound in a stabilized mass 

for treatment and future use. t meet remediation 

te of semi-volatiles and 
of contaminants. . Must also regulate air 



TABLE 3-2 (continued) 
PRELIMINARY SCREENING OF REMEDIAL ACTION TECHNOLOGIES AND PROCESS OPTIONS 

OPERABLE UNIT NO. 6, SITES 36,43,44 AND 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Site-Specific Applicability 

struction or stabilization of 

in-situ extraction fluid is passed though soils 
via an infiltration or injection process. 

contaminated plume 



TABLE 3-2 (continued) 
PRELIMINARY SCREENING OF REMEDIAL ACTION TECHNOLOGIES AND PROCESS OPTIONS 

OPERABLE UNIT NO. 6, SITES 36,43,44 AND 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Site-Specific Applicability 

cleaning or pre-treatment 

with microorganisms through attached or 
suspended biological systems. 

need to be implemented for 

m Residual sludges require 

Oxidation/Reduction contaminants into less toxic compounds intermediate products may 

to remove contaminants from the groundwater. 
onitored quarterly to 
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Media 

;oil 

General 
Response 
Action 

Vo Action 

hstitutional 
Zontrois 

Clontainment/ 
Removal 
ictions 

Remedial 
Action 

Technology 
Type 

Vo Action 

Land Use 
Testrictions 
Jntrusive 
4ctivities)s 

Zapping 

TABLE 3-3 
SUMMARY OF THE PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 6, SITES 36,43,44, AND 54 

FEASIBLITY STUDY, CTO-0219 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Process Option 

t- 
Effectiveness 

rlo Action 9 Not effective for managing risks or 
protecting the environment 

. Relies on long-term natural 
attenuation processes 

)eed restrictions / l Limits future development and land 
SJCIP use at the site 

* Limits human exposure and 
protects human health 

. Not effective for limiting 
ecological exposure 

l Contaminants still present in soil 
. Not effective in limiting 

contaminant migration due to 
runoff, erosion, and flooding 

l Equally effective for inorganics 
and PAH contamination 

Jay/Soil Cap m Prevents direct contact with 
4sphaltKoncrete Cap contaminated soils 

vlulti-layered Cap . Contaminants still present in soil 
m Minimizes migration due to runoff 

and erosion 
n May not limit contaminant 

migration in floodplain 

a Equally effective for inorganics 
and PAH contamination 

Evaluation 

Implementability 

1 Easily implemented 
1 No means to monitor site 

conditions 

?asily Implemented 

1 Standard construction equipment 
required 

1 Permanent erosion, sediment and 
flood controls required 

1 Soils containing hazardous 
compounds must first be 
transported to a permitted 
facility 

Relative Cost 

40 cost 

Jegligibie cost 

Low to moderate 
capital costs 

Low 0 & M costs 

T 
J 

I 

1 
I 
1 

1 

1 

Evaluation Results 

Retained as per the 
-equirements of the NCP 
for Sites 36,43,44, and 54 

Retained for Sites 36,43, 
14, 54 

Retained for Sites 36,43 



TABLE 3-3 (continued) 
SUMMARY OF THE PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 6, SITES 36,43,44, AND 54 

FEASIBLITY STUDY, CTO-0219 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Media 

{oil (Cont’d) 

General 
Response 

Action 

Remedial 
Action 

Technology 
Tw 

Process Option 

1 

Containment/ Excavation Excavation 
Removal 
4ctions 
:Cont’d) 

:Ex-Situ) 
4ssuming 

xavation 

Thermal Desorption 

-r Evaluation 

Effectiveness Implementability 

1 Effective in removal of 
contaminated soil and sediment 
for subsequent treatment or 
disposal 

= Pre- and post-excavation 
sampling may be required 

L Soil dewatering may be required 
for wet soils/sediments 

1 Contaminants removed from site 
and placed away from human and 
ecological exposure pathways 

1 Equally effective for inorganics 
and PAH contamination 

1 Proven to be effective for 
inorganics and SVOCs 

1 Target contaminant groups include 
SVOCs and heavy metals 

1 Effectively reduces the volume of 
soil to be treated 

Relative Cost 

I 
l Low to moderate 

capital costs 

. Difficult to implement in 
wetland/wooded areas 

L Excavation required 

l On-site pre-screening or 

l Landfill must be permitted to 
accept contaminants 

dewatering may be required 

’ No O&M costs 

No 0 & M costs 

l Easily implemented I 
I 

disposed in Base 

l 

landfill 

More cost effective if 
material can be 

m Heavy metals in the soil may 
result in a treated solid residue 
that requires stabilization 

* Liquid and baghouse waste 
requires treatment 

9 Long distance transport required 
for off-site treatment 

- _ 
. Complex mixtures of inorgamcs . Moderate capital costs 

with organics make formulating 
l- 

, 
a washing fluid difficult 

Moderate o & M costs 

l On-site or off-site technology 
n On-site pre-screening and 

dewatering may be necessary 

l Moderate to high 
capital costs 

. Moderate 0 & M costs 

’ Generated contaminated water 
will require treatment 

T 
Evaluation Results 

Retained for Sites 36,43 

Retained for Sites 36,43 

Eliminated due to high 
cost. Not cost effective for 
low levels of organic 
contamination. Off-site 
thermal desorption may be 
effective for treatment 
process residuals, but not as 
a primary treatment 
method. 

Eliminated due to elevated 
costs associated with the 
determination and 
implementation of an 
effective washing fluid. 
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TABLE 3-3 (continued) 
SUMMARY OF THE PROCEhS OPTION EVALUATION 
OPERABLE UNIT NO. 6, SITES 36,43,44, AND 54 

FEASIBLITY STUDY, CTO-0219 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Media 
General 

Response 
Action 

Remedial 
Action 

Technology 
‘We 

Process Option 
Effectiveness 

Evaluation 

Implementability Relative Cost 
Evaluation Results 

lundwater No Action No Action No Action . Not effective for managing risks or . Easily implemented ’ No cost Retained as per the 
protecting the environment . No means to monitor site requirements of the NCP 

. Relics on long-term natural conditions for Sites 36,43,44, and 54 

attenuation processes 

Institutional Land Use Deed restrictions / 1 Reduces exposure pathways to 
Restrictions LUCIP 

1 Easily Implemented * Negligible costs Retained for Site 36,54 
Controls contaminated groundwater 

(Aquifer Use 
and Intrusive 
Activities) 

Treatment Physical/ Enhanced Natural 1 Previous studies document 
Chemical 

. Easily Implemented . Moderate capital costs Retained for Site 3G 
Actions Attenuation (HRC) effectiveness for TCE 1 

Treatment 
Moderate 0 & M costs 

(In-Situ) m Monitoring will determine 
effectiveness 

Air Sparaging 

Monitored Natural 
Attenuation 

l VOCS are target contaminant group m Involves implementation of a m Moderate capital costs Eliminated because 
. Produces residual vapors vapor extraction system m Moderate 0 & M costs treatment option may be 

l May take an extended amount of too costly for site clean-up 

time to reach clean-up goals 

. Quarterly monitoring will l Easily Implemented l Low Capital Costs Retained for Site 36,54 
determine the effectiveness of this m 
process option 

Moderate 0 & M costs 



TABLE 3-4 
FINAL REMEDIAL ACTION TECHNOLOGIES AND PROCESS OPTIONS 

OPERABLE UNIT NO. 6, SITES 36,43,44, and 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Containment/Removal Actions 
ure Residential 



TABLE 4-1 
REMEDIAL ACTION ALTERNATIVE SUMMARY TABLE 

OPERABLE UNIT NO. 6, SITES 36,43,44 AND 54 
FEASIBILITY STUDY, CTO-0219 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Institutional Control Soil cover over contaminated areas exceeding cleanup goals; site Excavation Restrictions 

bove cleanup levels; disposal of waste in 

Excavation Restrictions 

. . . . ^ 

54GW RAA 1) No Action 

(1) Land use controls in place until remedial cleanup goals are achieved 
(2) Note that institutional controls (i.e.,Excavation Restrictions) will be in effect at Sites 43 and 44 since these two sites were former disposal areas 



TABLE 5-1 
36s RAA 2 - SITE 36 CAPPING AND INSTITUTIONAL CONTROLS FOR LEAD CONTAMlNATED AREAS 

BUDGETARY COST ESTIMATE”’ 
OPERABLE UNIT No. 6, SITES 36,43,44 and 54 

FEASIBILITY STUDY CTO-0219 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Cost Item Quantity Units Unit Cost Total Cost Assumptions (Basis of Cost Estimate) 
DlRECI@~@&I&&XS ; -‘--‘.;“.:‘“1:; <: I : ;“., : :e_ _“:“,. “^_ ̂ .,, 

F ,.,i ““” ., : g ..-z__ .” ‘ .A::’ ,A:.. I‘. ._. ,;: “2 ‘. ,,. ,,, ,“,..“,.. j ,^ “,j ,,- __’ 3.. ,_ ‘“. 
I. Site Preparation 

A. Mobilization/Demobilization 1 LS $10,000 $10,000 Engineering Judgement 
B. Erosion Protection (Silt Fence) 820 LF $0.93 $763 Means Site Work 2002 (02370-550-1000) 
C. Clearing and Grubbing 0.28 AC $2,150 $603 Means Site Work 2002 (02200-200-0010) 

Subtotal $11,365 
II. Carmine and Site Restoration 

-.*w 

A. Decontamination Of Eauioment 

____ --_ _._ ___._ - I-,,.-” 
_ ,̂ x ,,,,, i,, ‘~“*,‘~“*i”“~;. ,, ,,;; *, 

~,~~~c~-~:~~~~~~~~~~~~~~,~ r (” 
_( ., 

.Y‘. ” ’ ,’ ,_‘.._ *  ̂ .” 
_, .., ,‘I I .:. .’ :.. 

,, :,: -1 ,’ ‘j 

I. Scope & Bid Contingency Allowance 1 LS .“I’ 
&&~~~s ‘Sj I.. l:, :_:,c. .,:, “L&A $s -.,._ :__ ._ I. ,: ,-__ I. :&%& ,, ,::,:;;,-- ;j,:_ ‘ _-I 
$7,425 $7,425 Assume 25% of total direct capital cost 

II. DesignlEngineering Support 1 LS $15,940 $15,940 Assume 20% of total direct capital cost, additional cost added for Design/SPECS 
III. Construction Management I LS $19,455 $19,455 Assume 15% of total direct capital cost, additional cost for Work Plan, HASP 
IV. Project Management 1 LS $7,970 $7,970 Assume 10% of total direct capital cost, additional cost for mgmt ofplans, etc. 
V. Institutional Controls 1 LS $10,000 $10,000 Institutional Controls: Intrusive boundaries, legal fees, land use controls, etc. 

TOTAL -INDIRECT CAPITAL COSTS $60,790 
~~,~~;0eE~~s?1AlN:~UNAN~~~rnCrC”. ‘_ ’ i ” ” .; ,., ) .,, ̂  : 

“,A I_ ,siii-:, ,’ __’ ‘_ ,.rr, 
A. Cao Insoection and Main 38 $3.538 Assumes annual insoection llO% of can to be replaced) /periodic minor maintenance 

.‘“*_yc.)..-y. v-1 .y-..--Y-Y ,“, 2. ,. ..,~ 

~. . 
tenance 1 LS $3,5 , --.~~~ ~~~~~~ ~~~--------- ------- -- -----r 

B. Annual LUCIP Review 1 LS $2,500~ $Z,SOO]Engineering Estimate 
TOTAL -ANNUAL O&M COSTS I S6.03S1 

I I I I 
__,.__ 

‘BR0jEGT;GQST SUMMARY ‘:,, ; I, ^ : I I I 
“:” .^‘y - “” :. ._: ._ 

DIRECT CAPITAL COSTS1 
> c,. i’ ‘“<i ,... ,,_ ,, _, 1.e .,.. ,_^. ;,: ,,, ,, __ ,, 

I $29,700( 

Notes: 

INDIRECT CAPITAL COSTS $60,790 
PRESENT WORTH OF ANNUAL O&M COSTS $97,461 Present worth over 30 Years @ 5% discount rate 

TOTAL PROJECT COST $187,951 

(1) Estimated accuracy of cost estimate is -30% to +5O% Cos! estima!e is ,n hr ,,cpA r\l+ll.ri, , . - -- _I--r . . . ..I...) for corr.n+n~ nr,.,x,t, ,ml^r:.,n ,^ ^*I.^-.“. -^-^- --I:-.. .I.. p’I. -b. “. IyLILa ~UIPLEVL LU ULL~L~ tr;~yvusc dwwi attemaiives. 
(2) Includes SVOC and pesticide areas 
(3) USEPA 2000, “A Guide to Developing and Documenting Cost Estimates During the Feasibility Study”, EPA 54O-R-00-OO2,0SWER 9355.0-75, July 2000 



TABLE 52 
365 RAA 3 - SITE 36 EXCAVATION AND OFF-SITE DISPOSAL AND INSTITUTIONAL CONTROLS FOR LEAD CONTAMINATED AREAS 

BUDGETARY COST ESTIMATE”’ 
OPERABLE UNIT No. 6, SITES 36,43,44 and 54 

FEASIBILITY STUDY ~~0-0219 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

I,, C.A..“,.A nrr,,l”^.l ^C^^rr n”r:...^*n :a ~Acv a.. Lcnw P..“. -.:-^.^ t- I^ L- --J ..-‘- , ., -I.“..“.k” “...,“1”..J .,. WI. vaI”II.,Lb 1.7 __)“J” I” 2 d”,“. _VJL Zw~karr 13 LU UC: Lis(iu pt iioaiily fii eompdrison of costs reiative to other response action aitematives. 

(2) Includes SVOC and pesticide areas 

(3) Confmatory Sampling will be conducted on a 20’ by 20’ grid on the bottom of the excavation and at 20’ spacing along the side walls 

(4) USEPA 2000, “A Guide to Developing and Documenting Cost Estimates During the Feasibility Shtdy”, EPA 540-R-00.002, OSWER 9355.0-75, July 2000 



TABLE 5-3 
36GW RAA 2 -SITE 36 ENHANCED NATURAL ATTENUATION 

BUDGETARY COST ESTIMATE (‘) 
OPERABLE UNIT No. 6, SITES 36,43,44 and 54 

FEASIBILITY STUDY CT04219 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Cost Item Quantity Units Unit Cost Total Cost Assumptions (Basis of Cost Estimate) 

DIREg~$@gPJ~AL”GQ,sT~ _, .: : :::.: ._ 
a. ,.. 

..>z,:, .,“, ,,. i ‘:A ‘,_ __ :. ,. .;_ 
‘,u”__.. .:“: .: __ ” ,,,::“’ 1 .‘,,,_ ,.? 

I. Site Preparation 
A. Mobilization/Demobilization 1 LS $15,000 $15,000 Engineering Estimate 
B. Clearing/Grubbing 2 acre $2,150 $4,300 Means Site Work 2002 (02200-200-0010) 

SUBTOTAL $19,300 
II. Enhanced In-Situ Biodegradation 

A. HRC Grid Installation ” 
B. Construction Oversight of HRC Installation 

SUBTOTAL 

TOTAL -DIRECT CAPITAL COSTS 

1 LS $274,000 $274,000 Regenesis Cost Model - Includes Geoprobe, HRC equipment/materials, etc. 

1 LS $15,000 $15,000 Engineering Estimate 
$289,000 

$308.300 
“ir^“,“-_, ,, 

~~~~~~~~~~~~~~~~~sb,~~~N~~~~~~~ 
“<.F*-a-> sFA*. 

1. Contingency Allowance 
II. Design/Engineering Support 
III. Construction Oversight 
1111. Legal Fees/Administration 
V. Institutional Controls 

,, ~ t, <; ,, ’ : 

LS 
?. L’, 

‘;$ j; ,,,_ :I &,:::: ;;$j$:f;, i”‘;“: J,;;;;;,; :, ‘,‘?;’ ,;‘+;j;; ‘j, ,, 1.:. I 
.,_ 

’ ~.I^~~ _ ..I_ ,.‘_ 
I 

$77,075 
$?7,075 Assume 25% of’total direct capital cost 

1 LS $46,245 $46,245 Assume 15% of total direct capital cost 
1 LS $30,830 $30,830 Assume 10% of total direct capital cost 
I LS $24,664 $24,664 Assume 8% of total direct capital cost 
I LS $3,000 $3,000 Temporary Aquifer Use Restrictions / Intrusive Activity RestrictIons 

TOTAL - INDIRECT CAPITAL COSTS %181,814 

~~~~:g~~~~~~~~~~~I~,~~~~CE, COSTS am,-> m , , 4 i _i,. ‘, .: .>’ ~.‘Y.,i<,. 
I. Groundwater Monitoring Program 

A. Groundwater Sampling - Labor 4 event $9,700 $38,800 2 geologists @$45/hr; 10 hrs per day; for 3 days, plus travel expenses 

B. Sample Analysis 80 Ea $300 
14 samples plus I MS/MSD and I duplicate, and 

C. Reporting 1 Ea $40,000 $40,000 Engineering Judgement - Reporting and analysis of data 

I I I 

DIRECT CAPITAL COSTS $308,300 

INDIRECT CAPITAL COSTS $181,814 
PRESENT WORTH OF ANNUAL O&M COSTS $200,704 Assume O&M for 2 years @ 5% discount rate 

Notes: 

TOTAL PROJECT COST $690,818 

(1) Cost estimate to be used for budgetary information as well as for comparison of costs relative to other response action alternatives. 
(2) See Table 5-5a for Regenesis cost estimates table 
(3) USEPA 2000, “A Guide to Developing and Documenting Cost Estimates During the Feasibility Study”, EPA 540-R-00-002, OSWER 9355.0-75, July 2000 



TABLE 5-3a 
36CW RAA 2 -SITE 36 ENHANCED NATURAL ATTENUATION (HRC) 

CONTRACTOR COST ESTIMATE 
OPERABLE UNIT No. 6, SITES 36,43,44 and 54 

FEASIBILITY STUDY CTO-0219 
MCB, CAMP LEJEIJNE, NORTH CAROLINA 

Technical Support (949) 3666000 

Location: MCB Camp Lejeune 

Basic Site Characteristics 
Width of plume (intersecting flow) 
Length of plume 
Depth to contaminated zone 
Thickness of contaminated saturated zone 
Nominal aquifer soil (gravel, sand, silty sand, silt, clay) 

Porosity 
Hydraulic conductivity, Kh 
Hydraulic gradient 
Seepage velocity 
Treatment Zone Pore Volume (cu. ft.) 

300 ft 
300 ft t---l 7ft 

25 ft 
I I 

I silty sand 

-0.0721 Friday = 

Dissolved Phase Groundwater VOC Concentrations: Cgw in ma/L 

PCE 
TCE 
DCE 
vc 
Carbon tetrachloride 
Chloroform 
TCA 
DCA 

. 0.000 0.050 
E3 0.020 

0.002 

Sorbed Phase VOC Mass: 
Soil bulk density 
Fraction of organic carbon: foe 
(Values are estimated using Soil Conc=foc’Koc’Cgw) 
(Adjust Koc as net. to provide realistic estimates) 
PCE 

TCE 
DCE 
vc 
Carbon tetrachloride 

Chloroform 

TCA 
DCA 

Competing Electron Acceptor (CEA) Concentrations: 
Oxygen 
Nitrate 

Manganese reduction potential 
Iron reduction (potential amount of Fe2+ that can be formed) 
Sulfate reduction 

0.000 
0.000 

Ez.4 
0.000 0.000 

-1 W- 

Koc Soil Cont. 

(moW 
1.501 

Microbial Demand Factor 
Additional Demand Factor I 

3 Recommend 34x 
2 Recommend 2-3x 

Injection Polnt Spacing 
Nominal injection spacing (ft) 
# points in mw(w/desired spacing) 
Actual spacing between columns (ft) 
# rows (w/desired spacing) 
Actual spacing between rows (ft) 
Advective travel time bet. rows (days) 
Number of points in grid 

Rec. Min. Max. 

HRC Injection Amount 

Minimum req. HRC per foot (Ibs/ft) 
Feasibility of above HRC per foot: 

2.01 

(ok)/ 

2.01 

(ok)1 

20 

(ok) 

. . 
Proposed HRC Grid Specrficatmn6 
Proposed number of HRC delivery points (adjust as net. for site) 
Proposed HRC applic. rate Ibs/foot (adjust as net. for site) 
Corresponding amount of HRC per point (Ibs) 
Buckets per injection point 
Total Buckets 
Total Amt of HRC (Ibs) 
Unit cost of HRC $ 

I 
600 
2.0 
50 

1.7 
1000 

30,000 
6.00 

Total Material Cost $ 180,000 
Shipping and/or Tax Estimate 
HRC ($0.1 to $0.4/lb. call for exact rate) cost per lb: 0.2 $ 6,000 
Sales tax (call for exact rate) rate: 5% $ 9,ooo.oo 
Total Regenesis Material Cost $ 195,000 
Injection length a20 ft may require multiple holes to prevent preferential injection-adjust cost 

r to contract worh) 1 
Footage for each inj. point = uncontaminated + HRC inj. interval (feet) 

Total vertical feet for project (feet) 
Estimated production rate (feet per hour: 50 for push, 25 for drilling) 
Estimated hole completion rate (holes per hour) 
Time per day spent pushing/drilling (hrs) 
Required number of days 

Mob/demob cost for injection subcontrator $ 
Daily rate for inj. Sub. ($I-2K for geoprobe or $3-4K for drill rig) $ 

32 
19,200 

50 

Total injection subcontrator cost for application 
-. 

$ 79,000 
Total Project Cost(not including consultant oversight, GWM, etc.) $ 274,000 



TABLE 5-4 
36GW RAA 3 -SITE 36 MONITORED NATURAL ATTENUATION 

BUDGETARY COST ESTIMATE”’ 
OPERABLE UNIT No. 6, SITES 36,43,44 and 54 

FEASIBILITY STUDY CTO-0219 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Cost Item Quantity Units Unit Cost 
D~~~$G~l‘&&@.?~x$;;“:: ,:_ 27’: ,,“,,,_ -^ ;. :: 1 : 

Total Cost 1 
,, ,, Assumptic 

: l,.,. : :’ &,T ,,Y f:; x ;-‘4.“. ‘,,‘,’ 
I. Base-Line Monitoring 

,, ., ‘, ‘^,,;;,,; ,;*,‘, ‘. ., 
I 

A. Well Installation 
&Well Installation Oversight - Labor 

SUBTOTAL 

ms (Basis of Cost Estimate) 
,., 

“Au”.. , “. 

I LS $2 1,500 
1 LS $4,500 

$2 1,500 3 Shallow wells @ $2500,4 Intermediate wells @ $3500 
$4,500 1 geologist @ 10 days, 10 hours/day, $45/hour 

$26,000 

TOTAL - DIk. 

I. Contingency Allowance 
II. DesignlEngineering Support 
III. Construction Oversight 
IDI. Legal FeeslAdminSstration 
V. Institutional Controls 

n ECT CAPITAL COSTS $26,000 
I=,,: ,.. ;_ .” : ::_j,ij”, ,:1 ,,... .“,, .I , 

LS ., 
i : .,,, * (.,,“d. “’ 

1 $6 25% of total direct capital cost 
15% of total direct capital cost 

$3,900 Assume 15% of total direct capital cost 
$3,900 Assume 15% of total direct capital cost 
$5,000 Aquifer Use Restrictions 

2%” ,, ‘, ,’ “_ x 

is 
. . ...500 $6,5001Assume 

I $3,900 $3.9001Assume 
I LS $3,900 
1 LS $3,900 
I LS $5,000 

$23,200 
) “I ;,_. ,.. ; ,:‘ ,, ._ : ,” -- 

I 5 I 
I 

Well I 
$20,0001Engineering Judgement - Reporting and analysis of data 
Pd nnn Aar,,m.a r.rL we.11 t,. L An..nl,...,d ̂ _^^ ^..^-. .? -.-- 1 

I 

Notes: 

DIRECT CAPITAL COSTS I 
INDIRECT CAPITAL COSTS 

PRESENT WORTff OF ANNUAL O&M COSTS 

TOTAL PROJECT COST 

I I I $26,000 I 
$23,200 

$360,766 Assume O&M for IO years @ 5% discount rate 

$409,966 

(1) Cost estimate to be used for budgetary information as well as for comparison of costs relative to other response action alternatives. 
(2) USEPA 2000, “A Guide to Developing and Documenting Cost Estimates During the Feasibility Study”, EPA 540-R-00-002, OSWER 9355.0-75, July 2000 



TABLE 5-5 
43s RAA 2 - SITE 43 CAPPING 

BUDGETARY COST ESTIMATE ‘) 
OPERABLE UNIT No. 6, SITES 36,43,44 and 54 

FEASIBILITY STUDY CTO-0219 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Cost Item 
DIRECT.‘cApZ~~~.S~~ __v” p :\: __ 
I. Site Preparation 

A. Mobilization/Demobilization 
B. Erosion Protection (Silt Fence) 

C. Clearing and Grubbing 

II. Capping and Site Restoration 
A. Decontamination Of Equipment 
B. Capping (bring site back to acceptable grade 

plus 12” soil cap) 

Quantity Units Unit Cost Total Cost Assumptions (Basis of Cost Estimate) 
‘, ::,:? . : ,:;,: .,‘. “,,;: :‘ : ,, :.. ,:: : ‘;, ,;$? ‘;. ‘,,,<%&zt~” i .:, ,,,, . _ : ,” 

I LS $10,000 $10,000 Engineering Judgement 
370 LF $0.93 $344 Means Site Work 2002 (02370-550-1000) 
0.19 AC $2,150 $416 Means Site Work 2002 (02200-200-0010) 

Subtotal $10,760 

I LS $500 $500 Engineering Estimate 

277 CY $15.52 
Means Site Work 2002 (02320-200-0540) (Gl030-210-1350), Assume borrow source is within 3 

$4,293 
miles of site, includes placement/compaction 

C. Top Soil (6-inches), delivered, spread, compacted I38 CY $29.63 
$4 098 MeansPite Work 2002 (02315-200-7000) (02320-200-0550) (023 I S-300-8200), Assume source 

IS w&m 5 miles of site, includes delivery, placement, compaction 
D. Fine Gtading/Stormwater Controls I LS $500 $500 Means Site Work 2002 (023 I o-440-00 IO) 
E. Revegetation 0.19 AC $8,000 $1,548 Engineering Estimate 

Subtotal $10,938 
TOTAL-DIRECT CAPITAL COSTS $21,700 

IN”rjiREcT,~~~~~~~S~S~g;~~~~T~~~~~~Y (*) ” : : 
j:, V’ “, 

:. r ,*--, ” ‘__ ” .ii’ ‘** 

i 
I _& r-.i. 

,‘~:-.$~~h~, ‘, ,, 
,11:1TZ :- :,” .’ i ;i ,. 

I. Scope & Bid Contingency Allowance LS $5,425 $5,425 Assume 25% of total direct capital cost 
IL Design/Engineering Support I LS $14,340 $14,340 Assume 20% of total direct capital cost, additional cost added for Design/SPECS 
III. Construction Management I LS $18,255 $18,255 Assume 15% of total direct capital cost, additional cost for Work Plan, HASP 
IV. Project Management 1 LS $7,170 $7,170 Assume 10% of total direct capital cost, additional cost for mgnt of plans, etc. 
V. Institutional Controls I LS $10,000 $10,000 Institutional Controls: Intrusive boundaries, legal fees, land use controls. etc. 

TOTAL -INDIRECT CAPITAL COSTS $55,190 
ANN~~~,0~~~~?~~~~~~~~N~~,~~c~~~QsTs~:,’,i”~i ,,;;:: ,” ‘A,, ,:: :: :> .-;1 ,,‘I;:‘;:1 b;“;;i .,“,” ,“;“=+’ ?’ ,“>; 2~ (,, I,, i__ : ‘, ,,& i:lTcz; ‘$xr.’ ^ 

I ^ 
,’ ,,, ,, -,-,,,, I ~“.,,I ‘,” : ,, 1 ^ ,,,, .._ ,, 

A. Cap Inspection and Maintenance LS $3,235 $3,235 Assumes annual inspection (IO% of cap to be replaced) /periodic minor maintenance 
B. Annual LUCIP Review I LS $2,500 $2,500 Engineering Estimate 

TOTAL -ANNUAL O&M COSTS $5,735 
Tg,TX& ~~QJE@&@S~#JMM&R~ : ,: :‘.:;,+:, :. ‘,,( -‘j .‘;-A; : _I_ ::. r= 

.,,. 
.,, ;, ,,z dy ,’ ,; _ “>:,;; “;^-;;;;,;gg$ g;, _I_ yc&~* ,: ?“, :.1’“+:-7. ;;_ ,.~,“,.~. 

,,_ ,,..: ,,...., ,,rxj;:q~“~Yw;,>~ .,,;,,‘“. _ ,-II. ,_ __,%,-- 
DIRECT CAPITAL COSTS $21,700 

INDIRECT CAPITAL COSTS $55,190 
PRESENT WORTH OFANNUAL O&M COSTS $92,573 Present worth over 30 Years @ 5% discount rate 

TOTAL PROJECT COST $169,463 

Notes: 
(I) Estimated accuracy of cost estimate is -30% to +50%. Cost estimate is to be used primarily for comparison of costs relative to other response action alternatives. 
(7) 1ISEP.A. 2000, ‘I.4 Guide to Deyelnninm =nA nnrs*m--+;-- p-5’ D-+: \-I -- .Y~...D U..” U.,‘Y.,l”“L1,.& uy , tiJ,,matcs Duiing tbe Peasibili~j; Siudy”, EPA 540-R-00-002, OSWER 9355.0.i5, Juiy 2000 



TABLE 5-6 
43s RAA 3 - SITE 43 EXCAVATION 

BUDGETARY COST ESTIMATE”’ 
OPERABLE UNIT NO. 6, SITES 36,43,44 and 54 

FEASIBILITY STUDY CTO-0219 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

cost Item 

DlRECT!ZAPlTAL~C0ST.?+ 
I. Site Preparation 

A. Mobilization/Demobilization 
0. Erosion Pmtectinn 

- - _ _ p ---- -.---... ~ 

21. Errnvatinn and Site RePtnratinn 

Quantity Units Unit Cost Total Cost Assumptions (Basis of Cost Estimate) 

L.. .:_ 

I LS % 10,000 $10.000 Engineering Judgement 
I”< IF PI-I 01 W7h hi Memr Citr WnrL 7nfl2 (02370-550-1000) 

“.., . .- Ye,.<- Y~v~.~~,L.~c,.,.~ .,a.~ I, Y,,, LVJZ (02200-200-0010) 
SulJtotalI I I I $10,7771 

I 1 

__.__.__._..__ __..I......_._ --_.. 

B. Confirmatory Sampling (I’ 

-. 

EA 

Y&,dYY .v.-m,., .,I>. ..van LYYL {“-21---““-1LJ”, ,“L,,,-+““-““L”, A”” l”,<, ,“I LCVC, ” 

$9 416 Analysis for SVOCs & Pesticides. Includes $SO/sampie for collection/handling.Assume 72- 
’ hour hlmarnund 

C. Base Landtill Disaosal 
D. Decontamination Of Equipment 

E. Backtill (bring site to within 6” of original grade) 

-.- -.-,- -- _._..I r”.. .” WI”- -“..- . ...) -...-,.~_ of 10 miles each way (estimate) 
I LS $500 $500 Engineering Estimate 

646 CY $15.52 
slo 030 M,ea”s Site Work 2002 (02320-200-0540) (G1030-210-1350). Assume borrow source is 

wtthm 3 miles of site, includes placement/compaction 

F. Top Soil (6-inches) 

Q. Fine Gradine/Stormwater Controls 

159 CY $29.63 
s4 7,9 Means Site Work 2002 (02315-200-7000) (02320-200-0550) (0231 S-300-8200), Assume 

source is within 5 miles of site, includes delivery, placement, compaction 
1 19 Pwnl PQIO Enaineerine. Estimate ,_ - 

3X Fnoin~en‘no Fctimwr I 

- .  _._~~ ED -  . _ . . . .  _ _ ._ I I  1--1 .P-. 
H. Revegetation 0.19 AC $8,000 $l,4L -,-.. ~ . ..--.... e -I I.... “.- 

Subtotal $44,6731 
TOTAL-DIRECT CAPITAL CO.G’X r<z.‘mnl 

~~$@~~@p~&@?j~~~ .&$@&@CRNCY t’) ;, I%/, “.a.. 
1. Scope & Bid Contingency Allowance 
II. Design/Engineering Support 
III. Construction Management 
IV. Project Management 

TOTAL -PROFESSIONAL & CONTINGENCY COSTS 

‘.: :: 1. .,.:, ,, ,,.i:_, . _ ,,’ ‘a’?, i?, ,.” 
I LS $13,850 $13,850 Assume 25% 
I LS $2 1,080 $2 1,080 Assume 20% of total direct 
I LS $23,310 $23,310 Assume 15% oftotal direct 
I LS $5,540 S&540 Assume 10% of total direct 

$63.780 

I 
---, ._” 

..,i ,. ,, ,; “,j_, ; 
,L ,_ ., 

~,.~.,“. ,, 
“. 

,‘,_ ,“. 

.Y’$ 

> of total direct canital cost 

additional cost added for Design/SPECS 
additional cost for Work Plan, HASP 

capital cost, 
m 
capitalcost 

I PROFESSIONAL & CONTINGENCY COSTS 

I I I I 

$63,780 

PRESENT WORTH OF ANNUAL O&M COSTS ml I 

I TOTAL PROJECT COST1 I I I $119,180 

Notes: 
I 

(1) Estimated accuracy of cost estimate is -30% to +50%. Cost estimate is to be used primarily for comparison of costs relative to other response action alternatives. 
(2) Confirmatory Sampling will be conducted on a 20’ by 20’ grid on the bottom of the excavation and at 20’ spacing along the side walls 
(3) USEPA 2000, “A Guide to Developing and Documenting Cost Estimates During the Feasibility Study”, EPA 540-R-00-002. OSWER 9355.0-75, July 2000 



TABLE 5-7 
54GW RAA 2 -SITE 54 INSTITUTIONAL CONTROLS AND MONITORING 

BUDGETARY COST ESTIMATE”’ 
OPERABLE UNIT No. 6, SITES 36,43,44 and 54 

FEASIBILITY STUDY CTO-0219 
MCB, CAMP LEJEUNE, NORTH CAROLlNA 

Quantity 1 Units 1 Unit Cost 1 Total Cost 1 Assumptions (Basis of Cost Estimate) 

I I I 
,, .., _ 

‘$5,000 
,,, *.’ :, :_1_“_ 

” 
li_ 

1 LS $5,000 Aquifer Use Restrictions 

TOTAL _ INDIREf-T CA PITA I f-/lWX ss.000 

ANNIJAUOPERATION & MAINTENANC 

I-_ _-_ _.I_- -vu-y 

--_ ‘E C@TS -.,:.;---. .,^_../l -=,.-_ 4 
I. Groundwater Monitoring Program (Quarterly First Year) 

A. Groundwater Sampling - Labor 
B. Sample Analysis 

r 4 
16 

event 
Ea 

$1,225 
$20 

--,- 

.,.._, ,. 

$4,900 1 geologist @,$45/hr; 5 hrs per day; for 1 day, plus travel expenses 

C. Reporting I 

$320 Lead analysis, 12 samples plus 1 MS/MSD and 1 duplicate and trip blanks 
1 

D. Well Developme;;i------------r-1 

1 Ea 1 $20,0001 $20,000 Engineering Judgement - Reporting and analysis of data 

I 
-I We” I $8001 SW ~ ~~ -~~ 

I 
I)0 Assume each well to be developed once every 2 years 

f I I I 

I. U,YU,,~,,P,C, ,vxY,,,LV,.,16 Program (Semi-Annual Second Year) 
A. Groundwater Sampling - Labor 
B. Sample Analysis 
C. Reporting 
D Well Develonmcnt -. _..- _._. -r . .._... I 

SUBTOTAL1 
PRESENT WORTH OF O&M COSTS 1 

TOlXL+~~~ECT’COST $u&QIARy ” ,I^^ 

2 event $1,225 $2,450 1 geologist @$45/hr; 5 hrs per day; for 1 day, plus travel expenses 
8 Ea $20 % 160 Lead analysis, 1 
I Ea $10,000 $10,000 Engineering Jud 
1 Well $800 $800 Ansume well to 1 

sample plus 1 MS/MSD and 1 duplicate and trip blanks 
gement - Reporting and analysis of data 

I .___ - . .._ _.. ._ 

I 

be developed once every 2 years 

I I $13,410 
$12,770 Present Value for Second Year 

,. _., .I ,. .,, ^, 
: ,_ I; I I ‘, 

I 1 I “.r...^r.--I .I__ ._ ̂ ^^...^I mr nnr,. I 
IIVUIKELI CAYl1AL.LUSI.Y 

PRESENT WORTH OF ANNUAL O&M COSTS 

93,U"" 

$38,790 Assume O&M for 2 years @ 5% discount rate 

TOTAL PROJECT COST 
6 

$43,790 

Notes: 
,. . . . 

(I) Cost estimate to be used for budgetary information as well as for comparison or costs relanve to otner response actton alternames. 
(2) USEPA 2000, “A Guide to Developing and Documenting Cost Estimates During the Feasibility Study”, EPA 540-R-00-002, GSWER 9355.0-75, July 2000 
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FLOW DIRECTION OF SURFACE WATER FLOW -. - - .-. - ._ - EDGE OF DRAINAGE DITCH REMEDIAL INVESTIGATION SAMPLING LOCATION 
- FENCE ---------- US 17 JACKSONVILLE BYPASS FEASIBILITY STUDY, OPERABLE UNIT NO. 6 

TPOl EXPLORATORY TEST PIT LOCATION EASEMENT LIMITS SITE 36, CAM; GEIGER DUMP AREA 
IT~~Z~~~~~~ GRAVEL ROAD - 0219 

MARINE CORPS BASE, CAMP LEJEUNE 
SOURCE: LANTDIV. MARCH 2000 NORTH CAROLINA 



AREA SHOWN ENLARGED 
ON FIGURE 2-5 
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oA-iBo’ SOIL BORING LOCATION 

SURFACE WATER AND SEDIMENT SAMPLING LOCATlON 

43-TPO1 

\ 
TEST PIT LOCATlON 

DIRECTION OF SURFACE WATER FLOW 

A MARSH 

OVERHEAD ELECTRIC UNE & UTlLilY POLE 

FENCE 

ASPHALT ROAD 

GRAVEL ROAD OR SOIL PATH 

- EDGE OF CREEK, DRAINAGE DITCH OR MARSH 

TREE LINE 

STRUCTURE 

-yFizr 120 
1 inch - 120 I+. 

Baker Envtromnental h 

FIGURE l-7 
REMEDIAL INVESTIGATION SAMPLING LOCATIONS 

FEASIBILITY STUDY, OPERABLE UNIT NO. 6 
SITE 43, AGAN STREET DUMP 

I MARINE CORPS BASE, CAMP LEJEUNE 
NORTH CAROLINA 



SITE BOUNDAR 
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44- WO6 
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-b 
SHALLOW MONITORING WELL 

FLOW DIRECTION OF SURFACE WATER FLOW 

~., 
DEEP MON~ORING WELL MARSH 

I‘, 
OVERHEAD ELECTRIC LINE k UTILITY POLE 

OA-zo2 SOIL BORING LOCATION @ 154 
FENCE u, 

IlUCh-16OfL 
TPOl EXPLORATORY TEST PIT ASPHALT ROAD 

GRAVEL OR DIRT ROAD FIGURE 1-8 
- -..- - ;;GEpo;FC CREEK, DRAINAGE DITCH. MARSH 

- TREE LINE 

BASE HOUSING UNIT 

REMEDIAL INVESTIGATION SAMPLING LOCATIONS 
FEASIBILITY STUDY, OPERABLE UNIT NO. 6 

SITE 44, JONES STREET DUMP 
CT0 - 0219 

MARINE CORPS BASE, CAMP LEJEUNE 
NORTH CAROLINA 



/ NOTE: MONITORING WELLS 
54-GW12. AND 54 
WERE INSTALLED 
POST-RI FIELD I 

100 s 100 

-a 
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l. inch - 100 ft 
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CEGENP 
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FL!& DlRECTlON OF SURFACE WATER FLOW 
LIGHT POLE FIGURE l-9 

SHALLOW MONlTORING WELL I* MARSH 
ELECTRIC BOX REMEDIAL INVESTIGATION SAMPLING LOCA 

./I 
TEMPOARY MONITORING WELL -x--x-- FENCE STRUCTURE FEASIBILITY STUDY, OPERABLE UNIT NO 

;F SOIL BORING LOCATION 
zzzzzz ASPHALT ROAD OR AREA SITE 54, CRASH CREW FIRE TRAINING BUf 
q ==I GRAEL ROAD 

IMMUNOASSAY FIELD SCREENING SOIL BORING - - EDGE OF CREEK OR MARSH 
CT0 - 0219 

MARINE CORPS BASE, CAMP LEJEUNE 
>URCE: IANTDIV. MARCH 2000 

- - CENTERUNE OF DRMAGE SWA!vE NORTH CAROLINA 



1 inch - 50 ft. SakaUtvtoMNmtslr 

LEGEND FIGURE 2-l 
+ SHALLOW MONITORING WELL - - - GRAVEL ROAD AREA OF CONCERN: REGION IX RESIDENTIAL PRGs 
-2 INTERMEDLATE MONITORING WELL - - DRAINAGE DITCH FEASIBILITY STUDY, OPERABLE UNIT NO. 6 
-“ DEEP MONITORING WELL - TREE LINE SITE 36, CAMP GEIGER AREA DUMP 

- - lJS17JACKS0Nbl!sLE 
BYPASS WEMENT 

CT0 - 0219 
UNDERGROUND UTlLllY LINE LlMrrS MARINE CORPS BASE, CAMP LEJEUNE 

-AREA OF CONCERN NORTH CAROLINA 



-b FLOW DIRECTION OF SURFACE WATER FLOW 
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FIGURE 2-2 

AREA OF CONCERN: 400 PPM LEAD 

I FEASIBILITY STUDY, OPERABLE UNIT NO. 
SITE 36, CAMP GEIGER DUMP AREA 

CT0 - 0219 
MARINE CORPS BASE, CAMP LEJEUNE 
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FIGURE 2-3 

+I+ - SHALLOW MONITORING WELL AREA OF CONCERN, GROUNDWATER VOC PLUME 
36-ZWlJ 

1 36-G%,, 

- INTERMEDIATE MONITORING WELL FEASIBILITY STUDY, OPERABLE UNIT NO. 6 
IW - DEEP MONITORING WELL SITE 36, CAMP GEIGER AREA DUMP 

I 

v 
-SO-- - TOTAL VOC ISOCONCENTRATION 

CT0 - 0219 
CONTOUR (ug/L) MARINE CORPS BASE, CAMP LEJEUNE 

hlnwru t..mn, 1.1. 



LEGEND 
4sGWClCW PILOT TEST BORING FOR 

% DEEP MONlTORlNG WELL 

o*-~Eo’ SOIL BORING LOCATlON 

SURFACE SOIL SAMPLE LOCATION 
GRAVEL ROAD OR SOIL PATH 

TREE UNE 

AREA OF CONCERN 

RESIDENTIAL REGION IX PRELIMINARY 
REMEDIATION GOALS 

(PRGs) 

SEMI wtAnLE ORWNIC 
COMPWNDS 

2-MErtmNAPHTHALENE 
AcENAPHrHENE 
ACENAPHRMLENE 
DIBENZOFURAN 
CARBAZOLE 
RUORENE 
PHENANTHRENE 
FLUORJNmENE 
PYRENE 
mJlYL6ENznPHTHMATE 
~~N~~A$il’HPACENE 

BENZO(B)RUORANlHENE 
BENZO(K)FLUORAKMENE 
BENZOWPYRENE 

/ \ 1 ~~~I&~A,~~)ANMAcENE 

F/00,000 
Eo 000 
24.dOO 

iYoo~ooo 
2.300,OOO 
2.300,000 
12.000.000 
620 
62,000 
620 
6.200 

:;0 

z: 

NOTE: 
1.CONCENTRATlONS PRESEm IN MICROGRAMS PER KILOGRAM. 
Z.MCEECANCE OF REGION IX RESIOENTM PRC SHOWN IN RED. 

I 

tICIlJKL L-4 

AREA OF CONCERN: 
REGION IX RESIDENTIAL PRGs 

FEASIBILITY STUDY, OPERABLE UNIT NO. 6 
SITE 43, AGAN STREET DUMP 

CT0 - 0219 
MARINE CORPS BASE. CAMP LEJEUNE 
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APPROXIMATE LOCATION OF CAP -/ 

NOTE: 
SOIL BORINGS IN RED EXCEED REGION IX 
RESlDENT!AL PRGs. 
SAMPLE LOCATIONS IN BLUE EXCEED USEPA 
OSWER DIRECTIVE FOR LEAD (400 ppm). 

. . SHALLOW MONITORING WELL = = = GRAVEL ROAD 

.$ INTERMEDIATE MONITORING WELL - - DRAlNAGE DITCH 

-J; DEEP MONITORING WELL - TREE LINE 

@ SOIL BORING LOCATION 

‘, .-UNDERGROUND UTlLilY LINE 

- - ~&mm~Mm$Llum 

- lNmRmONALWMKOl 
6UlJNDARY FOR LEAD 

FIGURE 4-l 
36s RAA 2: CAPPING AND INSTITUTIONAL CONTROLS FOR LEAI 

FEASIBILITY STUDY, OPERABLE UNIT NO. 6 
SITE 36, CAMP GEIGER AREA DUMP 

CT0 - 0219 
MARINE CORPS BASE, CAMP LEJEUNE 

NORTH CAROLINA 
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EXCAVATE TO DEPTH ’ \ 
OF 2 FEET 

3F-sBis~ ,jiii- -.----Y 
J’“i --- 

1 
Y-Y- 

/-EXCAVATE TO DEPTH 
\ / 
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EXCAVATE TO DEPTH -/ 
OF 2 FEET 

NOTE 
SOIL BORINGS IN RED EXCEED REGION IX 
RESlDENTlAL PRGs. 
SAMPLE LOCATIONS IN BLUE EXCEED USEPA 
OSWER DIRECTIVE FOR LEAD (400 ppm). 

LEGEND 
-‘- SHALLOW MONITORING WELL - - - GRAVEL ROAD 

$ INTERMEDIATE MONITORING WELL - - DRAlNAGE DlTCH 
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36s RAA 3: EXCAVATION AND OFF-SITE DISPOSAL 
AND INSTITUTIONAL CONTROLS FOR LEAD 

FEASIBILITY STUDY, OPERABLE UNIT NO. 6 
SITE 36. CAMP GEIGER AREA DUMP 

CT0 - 0219 
MARINE CORPS BASE, CAMP LEJEUNE 
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MARINE CORPS BASE. CAMP LEJEUNE 
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FIGURE 4-4 
36GW RAA 3: MONITORED NATURAL ATTENUATIO 

FEASIBILITY STUDY, OPERABLE UNIT NO. 6 
SITE 36, CAMP GIEGER AREA DUMP 

CT0 - 0219 
MARINE CORPS BASE, CAMP LEJEUNE 

NORTH CAROLINA 
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Baker Environmental, I~C 

FIGURE 4-5 

I 43s RAA 2: CAPPING 
FEASIBILITY STUDY, OPERABLE UNIT NO. 6 

SITE 43. AGAN STREET DUMP 

I -CT0 - 0219 
MARINE CORPS BASE CAMP LEJEUNE 
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43s RAA 3: EXCAVATION AND OFF-SITE DISPOSA 

FEASIBILITY STUDY, OPERABLE UNIT NO. 6 
SITE 43, AGAN STREET DUMP 

CT0 - 0219 



NEW BURN PIT 
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NORTH f!AR0l INA 


	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ACRONYMS AND ABBREVIATIONS

	EXECUTIVE SUMMARY
	INTRODUCTION
	REMEDIATION GOALS AND REMEDIAL ACTION OBJECTIVES..
	IDENTIFICATION AND PRELIMINARY SCREENING OF REMEDIAL ACTION TECHNOLOGIES
	DEVELOPMENT AND SCREENING OF REMEDIAL ACTION ALTERNATIVES
	DETAILED ANALYSIS OF REMEDIAL ACTLON ALTERNATIVES..
	REFERENCES
	TABLES
	FIGURES

